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1.0 INTRODUCTION 

 

The U.S. Environmental Protection Agency (EPA) directed Gannett Fleming, Inc. (Gannett 

Fleming) to conduct an Expanded Site Investigation (ESI) and prepare an ESI Report for Plow 

Shop and Grove Ponds that are adjacent to the former Fort Devens National Priorities List (NPL) 

site.  The objective of this investigation is to prepare an ESI report, using the sediment, soils, 

surface water, biota, benthic invertebrates, fish, frog tissue, swallow tissue, and toxicity data 

collected to date, to support the selection of an approach for site remediation.  This report is in 

response to the approved Task Order Number #01 under Contract Number EP-W-05-020. 

 

The former Fort Devens is located at the intersection of four towns: Ayer, Harvard, Lancaster, 

and Shirley in Middlesex and Worcester counties, Massachusetts.  It is located 40 miles west of 

Boston. Fort Devens was listed on the NPL in November of 1989.  In 1991, it was identified for 

cessation of operations, pursuant to the Base Realignment and Closure of 1991, commonly 

known as BRAC II and was officially closed in September 1996.  Portions of the property 

formerly occupied by Fort Devens were retained by the Army for reserve forces training and 

renamed the Devens Reserve Forces Training Area (RFTA).  Areas not retained as part of the 

Devens RFTA were, or are in the process of being, transferred to new owners for reuse and 

redevelopment. 

 

Plow Shop and Grove Ponds are located at the southern border of the business and residential 

district in Ayer.  The pond basins are bounded on the west and south by former Fort Devens 

property, to the northeast by residential areas, and to the southeast by land controlled by the 

Town of Ayer and used as a municipal well field.   They are the fifth and sixth in a chain of six 

ponds in Ayer.     

 

Sediment data collected from the two ponds through the 1990s indicate that elevated levels of 

several trace elements including arsenic, cadmium, chromium, mercury, and lead may be present 

at concentrations that pose significant human health and ecological risks.   In October 1995, the 

Army issued a report that summarized all of the information collected to date and performed a 

Preliminary Risk Evaluation (PRE) in order to qualitatively gauge what risk the ponds were 

posing to human health and the environment.  Primary concerns focused on the impacts from the 

ponds on Town and Devens drinking water supplies, fish and wildlife resources, and recreational 

activities such as fishing, hunting, and swimming.  The PRE determined that exposure to both 

Plow Shop and Grove Pond sediments presented both human health and ecological risks.  Both 

ponds were subsequently posted “Catch and Release Fishing Only.” 

 

In the late 1990s, EPA, in cooperation with the U.S. Fish and Wildlife, the U.S. Geological 

Service and the MADEP, embarked upon an effort to collect the necessary information to address 

the data gaps identified in the Army’s 1995 report.  The data collected from the joint effort were 

used when preparing this ESI Report for both Grove and Plow Shop Ponds. 
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1.1 Report Organization 

 

This report consists of eight sections.  In Section 1.0, the Introduction defines the purpose and 

study objectives of the ESI.  Section 2.0 provides a general description of Grove Pond and Plow 

Shop Pond, including site history and background information.  Within Section 3.0 is an 

evaluation of the existing data and includes references to previous studies and investigations; a 

summary of the analytical data is presented; and background studies are identified.  In Section 

4.0, a brief description of the physical characteristics of the study area is provided including the 

local geology, local meteorological conditions, and a general description of the surface water and 

groundwater hydrology.  Section 5.0, presents conceptual models and supporting information for 

the presence of the principal chemicals of potential concern in sediment in Grove and Plow Shop 

Ponds.  This section includes a discussion of the rationale for the concentration, distribution, 

plausible source(s), and transport mechanism(s) for each element of interest.  The emphasis of 

this section is on elements and/or compounds that have been identified in previous studies of the 

ponds or in the present effort as potentially significant from a risk perspective.  In Section 6.0 is 

the Human Health Risk Assessment, which evaluates whether site contaminants pose a current or 

potential risk to human health and the environment.  In Section 7.0 is the Ecological Risk 

Assessment, which evaluates and assesses the risk to the environment posed by site 

contaminants.  Lastly, Section 8.0 provides a summary of the conclusions.  
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2.0 SITE BACKGROUND 

 

For the Grove and Plow Shop Ponds ESI, the “study area” or “the site” refers to Grove Pond and 

Plow Shop Pond, located in the Town of Ayer, Middlesex County, Massachusetts.  Refer to 

Figure 2-1 – Site Location Map for the approximate boundaries of the ponds.  The study area is 

located approximately 35 miles northwest of Boston. 

 

2.1 Site Description 

 

The study area is located northeast of the former Fort Devens, currently referred to as Devens.  

Grove and Plow Shop Ponds are included in a string of six ponds.  Grove and Plow Shop Ponds 

are the most downgradient of the six ponds and, Plow Shop Pond drains into Nonacoicus Brook.  

In the downgradient direction, the string of ponds are referred to as:  Long Pond, Sandy Pond, 

Flannagan Pond, Balch Pond, Grove Pond, and Plow Shop Pond.  These ponds were formed by a 

series of dams installed in the 19
th
 century.  During that time Grove and Plow Shop Ponds were 

periodically “flowed” or flooded during the winter months to provide a source of ice and were 

drained during the spring and summer for grazing of livestock.  Prior to the existence of the 

ponds, the area that is now submerged was occupied by meadows underlain by peat bogs. 

 

Grove Pond is roughly triangular in shape and covers about 60 acres.  The northern shore 

includes the location of the Plastic Distributing Company (PDC, location of former tannery 

operations), Pirone Park owned by the Town of Ayer, and residential properties.  The 

southeastern shore is bordered by property owned by the Town of Ayer.  The southern shore is 

also bordered by property owned by Fort Devens.  Within this area are Devens’ water supply 

wells, which are currently active with treatment.  Immediately beyond the Devens’ shoreline is 

the Massachusetts National Guard.  The western edge of the pond is formed by the railroad 

causeway, owned and operated by Guildford Transportation (formerly Boston & Maine Railroad, 

B&MRR). 

 

Grove Pond is shallow, with maximum water depth approximately 5 to 6 feet, and the water is 

frequently eutrophic, or well nourished by aquatic plant life.  The pond bottom consists largely of 

a thick mat of decomposing vegetation.  Grove Pond receives drainage from Balch Pond, as well 

as from Cold Spring Brook and Bowers Brook, and discharges through a culvert on the western 

edge of the pond into Plow Shop Pond.  Cold Spring Brook is downgradient of Devens.  Bowers 

Brook connects into Cold Spring. 

 

Town of Ayer Well Field: The Town of Ayer wells are located on south shore of Grove Pond off 

Barnum Road, immediately outside the Devens Barnum Gate.  These two wells were installed 

several decades ago by the Town of Ayer originally as backup to the Town's Spectacle Pond well 

field. The first of these wells, Grove Pond No. 1, was installed in 1943.  It is 60 ft deep, with a 

rated capacity of 694 gpm.  The second, Grove Pond No. 2, was constructed in 1952.  It is 60.5 ft 

deep, with a rated capacity 780 gpm, and is located 120 ft west of the first well.  Both are within 
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150 ft of Grove Pond.  The original, hand-sketched construction diagrams for these wells, as well 

as the drillers’ log for Grove Pond No. 2, are reproduced in Appendix A of the 1999 Phase I 

Interim Data Report (Gannett Fleming, 1999).  In 1998, after rehabbing and construction of a 

water treatment plant at the site, these wells were added to Town of Ayer’s distribution system.  

 

Devens Grove Pond Well Field:  The Devens Grove Pond well field is located approximately 

1,000 feet to the west of the Town of Ayer wells.  The general hydrogeologic setting of this well 

field is similar to the Town of Ayer wells, i.e., the wells are screened in the overburden aquifer in 

proximity to Grove Pond.  These 12 wells have 8-inch diameter casings and 10 ft screens 

centered at depths of 35 ft to 43 ft below ground surface (bgs).  The wells have been pumped at 

relatively low rates since activities on the Base decreased in recent years (e.g., 550--680 gpm 

total production for several days per month, in 1998). 

 

Plow Shop Pond is also a shallow pond and is approximately 30 acres.  The central portion of the 

pond is approximately 8 feet deep, and the deepest portion of the pond is reported to be at the 

northeast arm of the pond.  The water level is controlled by a dam located at the northwest corner 

of the pond where it forms Nonacoicus Brook and its associated wetlands, which in turn flows 

approximately 1.5 miles northwest into the Nashua River.  Plow Shop Pond is similar to Grove 

Pond in regards to the aquatic community; however, Plow Shop Pond is smaller and slightly 

deeper, and the aquatic vegetation tends to be less dense than Grove Pond.  (USFWS, September 

2000) 

 

The northern shore of Plow Shop Pond is bordered by commercial businesses.  The eastern shore 

is the Guilford Transportation railroad causeway.  The southern and western shores include the 

former railroad roundhouse, and woodland and grassland associated with Shepley’s Hill Landfill.  

Both ponds are used by local residents for recreational fishing.  Signs are posted for “catch and 

release” fishing. 

 

In 1998, the U.S. Geological Survey (USGS) used a high-frequency acoustic energy fathometer 

and ground-penetrating radar (GPR) to measure water depth and saturated sediment thickness at 

more than 1000 locations in Grove Pond and Plow Shop Pond (Mercadante et al., 1999).  

Ground-truth values were obtained manually at several locations by pushing a stick into the 

sediment until refusal was met.  Results from Grove Pond show a maximum water depth of 1.93 

meters, in the northwest end of the pond.  Sediment thickness is generally uniform over much of 

the pond bottom, ranging from 0.5 m around the pond’s perimeter to about 2.5 m in spots along 

the pond’s central axis.  In Plow Shop Pond, the maximum water depth, 2.43 m, occurs at the 

north end of the northeast arm of the pond.  Sediments in Plow Shop Pond are thicker than in 

Grove Pond.  Sediment thickness over most of the western half of the pond is approximately 5 to 

5.5 m in places and may have been emplaced prior to the construction of the dam in 1887 

(Mercadante et al., 1999).  On the eastern side of Plow Shop Pond, sediment thickness is 

somewhat more uniform, ranging from 0.5 m along the shore to about 4 m at a distance of 

approximately 100 m offshore (toward the center of the pond). 
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2.2 Site History 

 

Gannett Fleming reviewed an aerial photograph from 2001, Sanborn Maps for the years 1892, 

1921 and 1949, and various reports to understand the general history of the ponds and land uses 

adjacent to the ponds and brook in regards to potential sources of contaminants to the study area.  

Refer to Appendix A for the Sanborn Map Review, which includes property descriptions from 

1892 to 1949. 

 

Grove Pond 

 

A tannery, located on the northwest corner of Grove Pond, operated intermittently from 1854 

through June 1961 until a fire destroyed the operation.  Prior to 1953, tannery wastes were 

discharged directly into Grove Pond with little or no treatment.  In addition to tannery operations, 

a landfill was formerly located between the tannery and Grove Pond.  Its location is suggested by 

aerial photographs that show gradual infilling of a cove in the northwest corner of Grove Pond. 

 

According to the Sanborn Map Review, north of the tannery is the location of a former foundry 

and machine shop.  These types of operations are documented as early as 1887, and operations 

ceased some time between 1921 and 1949.  The 1949 Sanborn Map indicated that the property 

was used by a rope storage company and for paper and pulp storage.  This area is the current 

location of the Faulkner Drive site as shown on Figure 2 –1 Site Location Map. 

 

East of the former tannery, is Pirone Park, where landfilling may have occurred in the past.  

According to the Environmental FirstSearch database for the study area, a solid waste landfill 

is present at Pirone Park and is identified as the Town of Ayer Demolition Landfill.  Refer to 

Appendix C of the May 2002 Gannett Fleming Data Gap Evaluation Report (Gannett Fleming, 

2002a) for the results of the database search.  Based on electronic correspondence with the 

MADEP, this “location was never a sited landfill, but is a piece of municipally owned property 

adjacent to Pirone Park.  The Ayer DPW used the property as a dumping ground for pieces of 

asphalt and concrete, etc.”…“It’s badly overgrown with odd piles of asphalt and concrete the 

above interspersed among heavy vegetation.  This site was never a municipal solid waste landfill 

nor a demo landfill.”   

 

Other potential sources of contamination to the pond are: stormwater runoff from the Guildford 

Transportation (former B&MRR) railroad yard and causeway on the southern/western shore; 

historical infilling of portions of the pond’s perimeter; inflow from Cold Spring Brook and Balch 

Pond; and runoff from Devens and the Town of Ayer.  Extensive apple orchards lie within the 

drainage basin for the pond, and historical application of arsenic-containing pesticides was 

suggested as a potential contaminant source.  The contribution of arsenic and other metals to 

pond-bottom sediments by discharging groundwater may be significant. 
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Plow Shop Pond 

 

Plow Shop Pond is bordered to the north by commercial properties.  Sanborn records indicate 

that a lumber company, northwest of the pond, had been in operation since 1887 and at least until 

1949. 

 

Other potential sources of contamination to the pond are:  stormwater runoff from the Guildford 

Transportation (former B&MRR) railroad and the former Railroad Roundhouse; historical 

infilling of portions of the pond’s perimeter; and, Shepley’s Hill Landfill. 

 

Elevated concentrations of arsenic (greater than the current MCL of 10 µg/L) have been reported 

from groundwater in the vicinity of Grove Pond (Gannett Fleming, 2002) and Plow Shop Pond 

(e.g., from numerous monitoring wells and direct-push sampling in the vicinity of Shepley’s Hill 

Landfill).  While groundwater was not included in the list of media to be evaluated for this 

report, mechanisms responsible for trace-element mobilization have been described qualitatively 

in discussions of the Conceptual Site Models (CSM) as appropriate.  For example, in Sec. 5.3.3 

the CSM proposed for arsenic suggests that this element may be accumulating in pond sediments 

due to precipitation at a redox boundary below the sediment-water interface.  Reducing 

groundwater, enriched in dissolved arsenic, iron, and other trace metals, migrates upward and 

encounters more oxidizing conditions before discharging to the pond.  As geochemical 

conditions evolve along this flow path, to a point where pH and ORP favor oxidation of iron its 

precipitation as a solid, ferric oxyhydroxide.  Other trace elements, including arsenic, are sorbed 

by this phase.   

 

A detailed discussion of groundwater hydrologic conditions for Grove Pond and Plow Shop Pond 

is provided in Section 5.10.  In this discussion, mass flux calculations are presented for arsenic, 

iron, and manganese in sediments in Red Cove.  The agreement between the mass estimated from 

groundwater data for these elements, and the observed average sediment concentrations, supports 

the general CSM. 
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3.0 EVALUATION OF EXISTING DATA 

 

3.1 Previous Studies 

 

Gannett Fleming acquired documents pertaining to investigations of the study area and 

surrounding properties from several sources.  The majority of the reports were received from the 

BRAC library located at Devens.  Other sources to obtaining studies included the MADEP 

Central Regional office and the Town of Ayer public library.  A large number of documents were 

acquired and are maintained in the Gannett Fleming library in Newton, Massachusetts.  A listing 

of the documents from which data were taken for use in the ESI with brief descriptions is 

included in Appendix A.  Following this list are key data tables used in this ESI Report.  

 

As part of the Data Gap Evaluation prior to this ESI, Gannett Fleming summarized each 

document, describing the different investigations and analyses performed.  The summaries 

indicated if laboratory reports or quality assurance/quality control (QA/QC) information was 

included in the document.  These summaries were used to assist in determining which analytical 

data to enter into the Geographical Information System (GIS) database. 

 

3.2 Summary of Analytical Data 

 

Analytical data from nearly half of the reports obtained were used in the GIS database.  The 

reasoning for not utilizing reports for data input was: 

 

• The report did not include analytical data. 

• More recent studies included the data from previous studies. 

• The sample locations were unknown. 

• Some reports were draft reports and finalized report information was used. 

• Remediation activities took place and confirmatory samples indicated a change in 

contaminant levels. 

 

3.2.1 Development of Database Management System 

 

Gannett Fleming utilized GISKey software as the database management system for the 

analytical data used in this ESI Report.  The GISKey database interfaces with AutoCAD, where 

figures have been produced to aid in visually understanding and evaluating contaminant 

distribution.  Sample locations are identified in Figure 3-1 and Figure 3-2 for Grove Pond and 

Plow Shop Pond, respectively.  All contaminant information on the figures is included in the 

analytical summary tables.  The analytical summary tables are organized by pond, medium, and 

depth and are included as Appendix B. 
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3.2.2 Analytical Data 

 

As part of the Data Gap Evaluation, the chemistry data were compared to EPA Region 9 

Preliminary Remediation Goals (PRGs) for the human health risk screening.  For the ecological 

risk screening, analytical data were compared to US EPA National Ambient Water Quality 

Critera, Oak Ridge National Laboratory (ORNL) Secondary Chronic Values, Ontario Ministry of 

the Environment (OME) benchmarks, and National Oceanic and Atmospheric Administration 

(NOAA) standards, where applicable. These benchmarks were employed to add a risk 

perspective to an initial evaluation of the nature and extent of contamination in the ponds. 

 

The majority of the reports used for database input did not include laboratory analytical reports.  

Where analytical reports were not available, summary tables found within the reports were used.  

In some cases, it appears that contaminant concentrations from summary tables may represent 

laboratory method detection limits; however, if there were no notes in the summary tables 

indicating detection limits, the concentration was entered into the database.   

 

Most of the investigations focused on inorganics, which is appropriate for the historical and 

current site use around the ponds.  However, in some cases, such as the Railroad Roundhouse, 

the emphasis included organics appropriate for the likely source of contamination. 

 

Below is a summary of the environmental media reviewed for this ESI Report.  Based on field 

observations (odors, sheen, etc.) recorded during EPA’s 2004-2005 field programs, VOCs, 

SVOCs, and PAHs should be evaluated in the subsurface sediments and groundwater in the Red 

Cove and RRRH areas. 

 

Sediment, < 1 foot below grade 

 

For inorganics, primarily aluminum, arsenic, cadmium, chromium, copper, iron, lead, 

manganese, mercury, nickel, sodium and zinc were in exceedance of the benchmarks identified 

above.  In very few cases, all inorganics analyzed exceed the benchmarks.  Pesticide analysis 

primarily included 4,4’-DDD, 4,4’-DDE and 4,4’-DDT and/or endrin with the exception of 

sediment samples SED-A through SED-G (October 1992), Sediment 1 through Sediment 6 

(April 1994), and SW-2 through SW-4 (December 1993) collected from Grove Pond, which 

included full analyses of pesticides.  Heptachlor was analyzed in some Plow Shop Pond sediment 

samples, and there were no exceedances.  Pesticide exceedances occurred in the southwestern 

portion of Grove Pond, and along the Plow Shop Pond shoreline abutting the railroad causeway, 

the Railroad Roundhouse, and the west/southwest shoreline near Shepley’s Hill Landfill.   

 

PCBs were analyzed in Grove Pond sediments SED-A through SED-G, Sediment 1 through 

Sediment 6, and SW-2 through SW-4; and, nothing was detected.   
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VOCs were analyzed in sediment samples collected near the Railroad Roundhouse and in Grove 

Pond sediments SED-A through SED-G, Sediment 1 through Sediment 6, and SW-2 through 

SW-4; and, there were no exceedances.  Acetone, methyl ethyl ketone and methylene chloride 

was analyzed for in sediment samples in Plow Shop Pond downgradient of SHL; and, there were 

no exceedances.   

 

SVOCs were analyzed in sediment samples collected from Grove Pond and Plow Shop Pond.  In 

Grove Pond, exceedances (anthracene, fluoranthene, fluorene, hexachlorobenzene, 2-

methylnapthanlene, napthalene, phenanthrene and/ or pyrene) occurred in sediment samples 

GRD-95-08X, -09X, -14X, -15X, -26X, -27X, -29X, -31X, -33X, -36X, and -50X.  For Plow 

Shop Pond, SVOC exceedances occurred in SESHL11 (pyrene) and SESHL 12 

(benzoanthracene, chrysene, napthalene, phenanthrene and pyrene). 

 

Other analyses for sediments included residue, hydrogen ion, and total organic carbon (TOC). 

 

Surface Soil, < 1 foot below grade 

 

Surface soil samples were collected at Faulkner Drive, PDC, along the shoreline of Grove Pond, 

and along the shoreline of Plow Shop Pond in the area of the railroad causeway and the Railroad 

Roundhouse.  Surface soil samples were compared only to residential PRGs. 

 

For Faulkner Drive, the samples were analyzed for metals, pesticides and PCBs, VOCs, and 

SVOCs.  The metals with the most frequent exceedances were arsenic, antimony, and lead.  

However, there were some samples with exceedances for cadmium, chromium, mercury, 

manganese, nickel, and zinc.  There were no exceedances for samples that were analyzed for 

pesticides, PCBs, or VOCs.  There were exceedances of SVOCs; however, some of the 

exceedances appear to be method detection limits. 

 

For PDC, surface soil samples were analyzed for metals only.  Exceedances were found for 

aluminum, antimony, arsenic, chromium, iron, lead, mercury, methyl mercury, nickel, and zinc. 

 

For samples collected along the Grove Pond and Plow Shop shoreline, exceedances are similar to 

what was found in sediments. 

 

Deep Sediment and Subsurface Soil, > 1 foot below grade 

 

Metals were analyzed in subsurface soil at Faulkner Drive, PDC, and the railroad causeway, and 

in 2 samples from Shepley’s Hill Landfill.  Metals were analyzed in deeper sediment/subsurface 

soil in Grove and Plow Shop Ponds.  For Faulkner Drive, PDC, the railroad causeway, SHL, 

Grove and Plow Shop Pond, exceedances occurred primarily for arsenic, cadmium, chromium, 

lead, and mercury.  However, exceedances also occurred for antimony, iron, magnesium, and 

zinc.   
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Pesticide analysis primarily included 4,4’-DDD, 4,4’-DDE and 4,4’-DDT collected from Plow 

Shop Pond samples.  Full pesticide analysis was performed on soil samples collected from PDC.  

Endrin was analyzed in samples collected from Grove Pond.  There were no pesticide 

exceedances. 

 

PCBs were only analyzed for soil samples collected from PDC; and, there were no exceedances. 

 

Trichlorofluoromethane was the only VOC analysis performed for soil/sediment deeper than 1 

foot below grade.  These samples were collected from deep sediments in Plow Shop Pond; and, 

there were no exceedances. 

 

SVOCs were analyzed at PDC, Grove Pond near the tannery, Railroad Roundhouse, and 

Faulkner Drive.  In Grove Pond, near the former tannery, benzo (a) pyrene exceeded the 

benchmark.  Napthalene was identified as an exceedance at PDC.  At the Railroad Roundhouse 

at various depths, various SVOCs were identified.  Faulkner Drive had SVOC exceedances.  

There were no SVOC analyses for deep sediment or subsurface soil at Plow Shop Pond. 

 

Surface Water 

 

Gannett Fleming did not enter surface water analytical data from all reports obtained.  Gannett 

Fleming reviewed the reports and entered data from Grove Pond (1992, 1995, 1998, 1999, and 

2000) and Plow Shop Pond (1991, 1993, 1995, and 1998).  Gannett Fleming also included 

surface water data from the EPA sampling effort in 2004.  Analyses included total metals, 

dissolved metals, pesticides and PCBs, VOCs, and SVOCs. 

 

Total metals exceedances were found in both Grove Pond and Plow Shop Pond.  For Grove 

Pond, exceedances included arsenic, chromium, manganese, and iron.  For Plow Shop Pond, 

exceedances from samples collected in 1991 included arsenic; however, in 1995 exceedances 

included aluminum, antimony, arsenic, chromium, iron, manganese, mercury and vanadium.  

(Note:  the metal analysis for PSP in 1995 included a broader range of metals.)  

 

Dissolved metal analysis was performed on surface water samples collected from Grove Pond 

and Plow Shop Pond.  For Grove Pond surface water samples, exceedances included antimony, 

chromium, cadmium, manganese, and thallium.  For Plow Shop Pond, four surface waters 

samples were collected in 1993 and one exceedance occurred for dissolved arsenic and 

manganese. 

 

PCBs were only analyzed in surface water samples collected from Grove Pond; and, there were 

no exceedances. 
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Pesticides were analyzed in surface water samples collected from Grove Pond and Plow Shop 

Pond.  There were no exceedances in the samples collected from Grove Pond.  For samples 

collected from Plow Shop Pond, alpha-BHC and endrin were reported in the analyses.  Endrin 

exceedances occurred in surface water collected from Plow Shop Pond. 

 

VOCs were analyzed in surface water samples collected from Grove Pond and Plow Shop Pond.  

In 1993, surface water samples were collected from Grove Pond, and there were no exceedances.  

In 1995, six surface water samples collected from Grove Pond were reported to be analyzed for 

BEHP, five of the samples exceeded the PRG.  In 1991, 14 surface water samples were collected 

from Plow Shop Pond; and, cis-1,2-dichloroethylene, methylene chloride, and chloroform were 

in exceedance of the PRGs. 

 

SVOC analyses were performed on surface water samples collected from Grove Pond, and there 

were no exceedances. 

 

Other analyses for surface water included:  residue, TOC, inorganic analyses (non-metallic, i.e. 

alkalinity, chloride, nitrate), hardness, and hydrogen ion. 

 

Groundwater  

 

Groundwater data were not used in the risk assessments but were used to support the conceptual 

site model (CSM) and aid in background evaluations.  Gannett Fleming did not enter 

groundwater analytical data from all reports obtained.  We reviewed the reports and entered data 

that showed historical sampling events for SHL from 1991 through 2001.  Data were entered 

from sampling events at PDC for August and November 1999.  Samples were also entered into 

the database from Faulkner Drive (2000) and the railroad causeway (1993).  Analysis included 

total metals at PDC and SHL; dissolved metals at Faulkner Drive and the railroad causeway; 

pesticide and PCB analysis at the railroad causeway; VOCs at Faulkner Drive, PDC, the railroad 

causeway, and SHL; and SVOCs were analyzed for at Faulkner Drive and the railroad causeway. 

 

Total metals exceedances were discovered in groundwater collected from wells at PDC for 

arsenic, chromium, and mercury.  For samples collected in association with Shepley’s Hill 

Landfill, primarily the groundwater analysis included only arsenic and exceedances occurred in 

the majority of groundwater samples collected for arsenic analysis.  However, there were samples 

collected from Shepley’s Hill Landfill for a broader range of total metal analysis.  Exceedances 

included primarily arsenic, chromium, iron, and manganese.  There were some exceedances for 

thallium and vanadium. 

 

Dissolved metal exceedanaces did not occur in groundwater samples collected from wells at 

Faulkner Drive; however, the summary tables reviewed in the reports are not detailed.  The 

railroad causeway analysis was more complete; and, exceedances occurred primarily for 
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manganese, with an exception of one sample (ERM-8) with groundwater exceedances for 

arsenic, iron, and manganese. 

 

Pesticides and PCB analysis performed for groundwater samples collected from wells at the 

railroad causeway did not have groundwater exceedances. 

 

VOCs were analyzed in groundwater collected from wells at Faulkner Drive; however, only 

1,1,1-trichloroethane and 1,2,4-trimethyl benzene were reported, with 1,2,4-trimethyl benzene 

exceeding the benchmark in groundwater from 6 wells in February 2000.  Groundwater samples 

collected from the railroad causeway were analyzed and reported for a broad range of VOCs; 

and, there were no exceedances.  Groundwater samples collected from PDC were also analyzed 

and reported for a broad range of VOCs; and, there was one exceedance for 1,2,4-trimethyl 

benzene, one (1) exceedance for methyl tert-butyl ether (MBTE), and two exceedances for 

naphthalene.  For Shepley’s Hill Landfill, groundwater was collected for analyses of a select list 

of VOC contaminants:  1,1-dichloroethane, 1,2-dichloroethane, 1,2-dichloroethene, acetone, 

benzene, m-dichlorobenze, methyl isobutyl ketone, MBTE, o-dichlorobenze, p-dichlorobenzene, 

sec-butylbenzene, and xylene.  Exceedances occurred at Shepley’s Hill Landfill for benzene (3 

exceedances in June 1999, 1 exceedance in November 1999, and 4 exceedances in May 2001); 

and p-dichlorobenzene (1 exceedance in May 2001). 

 

SVOCs were analyzed in groundwater collected from 6 wells located at Faulkner Drive and 8 

wells located at or near the railroad causeway.  For Faulkner Drive, groundwater was collected 

and reported for a select list of SVOC contaminants:  1-methyl naphthalene, acenapthene, 

acenaphthylene, anthracene, fluoranthene, fluorine, naphthalene, phenanthracene, and pyrene.  In 

2000, two rounds of samples were collected; and, in total, there was one (1) exceedance for 1-

methyl naphthalene and 6 exceedances for naphthalene.  For the railroad causeway, in 1993 a full 

SVOC analysis was performed and there were no exceedances. 

 

Biological Tissue Data 

 

Several reports provided data for biological tissues.  These were incorporated into the human 

health and ecological risk assessments.  Chemical analyses were conducted for fish, frog, and 

invertebrate tissue, as well as tree swallow eggs and stomach contents.  In addition, data from 

surface water and sediment toxicity tests were used in the ecological risk assessments.  Please, 

refer to the human health and ecological risk assessments for a list of data sources and summaries 

of the data used for each assessment. 

 

3.2.3 Validation Review 

 

A validation review of the quality of the analytical data from the various investigations was 

conducted as part of the Data Gap Evaluation leading up to the ESI Report.  The data that were 



Expanded Site Investigation Report                                                                                                 FINAL REPORT 

May 2006                                           Prepared by Gannett Fleming, Inc. 

 13  

determined to be usable in the ESI were used for site characterization, conceptual model 

development, and human health and ecological risk assessments. 

 

Many reports were used to assemble the analytical database.  These reports were reviewed to 

determine and evaluate: 

 

1. The level of data validation or review performed at the time the data were generated, 

2. The analytical protocols and laboratories utilized, and 

3. The availability of Quality Assurance (QA) and Quality Control (QC) information.  

 

The review conducted was similar to an EPA Region 1 Tier 1 data validation (EPA, 1996) 

review in that one of the goals was to determine whether there was enough information provided 

to conduct a higher level of data validation, if desired.   The analytical data were generated over a 

period of 13 to 14 years, by various laboratories, and for many different reasons and entities.  The 

documentation available for each of the data sets is as varied as the sources.  It should be noted 

that none of the data appear to have undergone formal data validation as per EPA data validation 

guidelines (EPA, 1996). 

 

In order to be able to justify combining any of these data sets in the future, minimum usability 

criteria were implemented to complete this review.  Data were determined to be usable for ESI 

purposes under the following conditions: 

 

1. EPA-approved or equivalent laboratory methods were used, 

2. Data were generated by an EPA laboratory or under the Army Corp of Engineers 

analytical and review protocols, 

3. Enough QA/QC information was provided in the report to perform a Tier II level data 

validation at some future time, or  

4. EPA had already reviewed and accepted the data. 

 

If none of the above conditions were met, the data set was assigned a “Not Acceptable” data 

usability code.  These data were not used in the ESI.    

 

As demonstrated in these tables, the vast majority of the data were determined to be usable based 

on the minimum usability criteria.  For example, the human health risk assessment will not 

utilize data from samples that were field filtered or collected to support ecological studies.  These 

types of use limitations will be identified in task-specific sections.  

 

In addition, it may not be appropriate to combine data generated using different analytical 

methods for some purposes.  For example, the metals data in the Haines (2001) report were 

generated using non-standard analytical methods.  It may not be appropriate, in all cases, to 

combine those metals data with other metals data due to differences in the detection limits and 

other specifics of the methodologies. 
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4.0 SITE CHARACTERISTICS 

 

4.1 Geology 

 

There are bedrock outcrops in some locations within the Fort Devens reservation, and in other 

areas bedrock is buried by glacial deposits to depths of 200 feet or more. Primary post-glacial 

deposits are peaty swamp deposits found mostly along streams, surface water bodies; and 

artificial fill.  Depth to bedrock beneath Grove Pond has not been verified; however, results of a 

seismic refraction survey close to Grove Pond indicate a layer that is believed to be consolidated 

till and/or bedrock at depths of 60 to 100 feet below grade.  Unconsolidated, surficial material in 

the area consists of stratified glacial outwash (kame plain and kame terrace) deposits, primarily 

coarse sand and gravel.  Logs from borings advanced along the south side of Grove Pond, close 

to the Town of Ayer wells, report fine to coarse brown sands and angular gravel.  A gray silty 

layer, approximately 10 feet thick, was encountered at a depth of about 35 - 45 feet below grade 

in one well at the edge of Grove Pond (well 92-3; CDM, 1993).  The lateral extent of this layer is 

unknown, although it has been inferred to be continuous beneath the pond based on the response 

of well 92-3 in the pump tests (CDM, 1993). 

 

Bedrock underlying Fort Devens consists mainly of low-grade metasedimentary rocks, gneisses, 

and granites.  These rocks range in age from Late Ordivician to Early Devonian (approximately 

450 million to 370 million years old).  A generalized summary map (Fig. 3-3 in Vol. I of the 

1993 Remedial Investigation report; ABB-ES, 1993) identifies bedrock immediately to the south 

of Grove Pond as the Berwick Formation, and the Devens-Long Pond facies of the Ayer Granite 

is immediately to the west.  It is noted in the Remedial Investigation that formation boundaries 

are approximate because bedrock exposures in this area are limited.  However, this map indicates 

that in the vicinity of Grove Pond, the contact between the Berwick Formation and the Devens-

Long Pond facies appears to strike in a northerly direction, passing between the western shore of 

Grove Pond and the eastern edge of Plow Shop Pond, approximately under the railroad 

causeway.   

 

Results of a seismic refraction survey (cf. CDM, 1993) conducted by Geoscience Services 

Associates Inc. in 1991 did not confirm the presence of bedrock along a traverse parallel to the 

southern shore of Grove Pond near the Town wells.  At this location, the lower layer is 

interpreted as dense till and/or bedrock, overlain by unconsolidated sands and gravels and was 

encountered at depths ranging from 48 feet to 116 feet below ground surface.  However, the 

results of the seismic survey are ambiguous. Therefore, the subsurface elevation of the bottom of 

the Town of Ayer production well screens with respect to a dense till/bedrock layer is unknown. 

 

The Berwick Formation is described as primarily calcareous and biotitic metasiltstones and 

metasandstone (Robinson and Goldsmith, 1991). Two localized zones of mica schists and 

phyllites containing pyrite (FeS2) and pyrrhotite (Fe1-xS) have been identified within the Berwick 

Formation.  Both of these zones are thin, elongate bodies oriented in a northeast-southwest 
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direction. The western sequence lies between Townsend and Chelmsford, directly north of Ayer. 

This sequence is described as a quartz-rich pyrrhotitic schist containing aggregates of biotite.  

Cores of the Berwick Formation, taken in the vicinity of the Shepley’s Hill Landfill, have been 

studied extensively (ABB-ES, 1995a).  From these cores, the metasiltstone is described as 

calcareous, with secondary quartz and sulfides along bedding planes and fractures.   

 

4.1.1  Arsenic Mineralogy 

 

Sulfide minerals include a large number of compounds with the general structural formula AmXp.  

In these minerals, the larger atom, may be S, As, Sb, Bi, Se, or Te.  In a few minerals, S and As 

or Sb are present in nearly equal amounts.  The smaller atom, A, is one or more of a group of 

metals that includes Fe, Co, Ni, Cu, Zn, Ag, Cd, and Mo.   

 

The group of sulfide minerals with the formula AX2 includes pyrite (FeS2), cobaltite (CoAsS), 

arsenopyrite (FeAsS), and gersdorffite (NiAsS).  The substitution of small amounts of Ni and Co 

for Fe in pyrite is not uncommon, but the mineral bravoite (Ni,Fe)S2, in which Fe is less than 50 

mole percent, is rare. Arsenopyrite is the most abundant arsenic mineral.  It forms at high to 

moderate temperatures and is often found in association with other sulfide minerals in contact-

metamorphic rocks (Mason and Berry, 1968). 

 

Arsenic may substitute for sulfur atoms in some sulfide minerals -- for example, in pyrite or 

chalcopyrite (CuFeS2), paired As-S atoms may substitute for S2. Alternatively, arsenic may be 

present in pyrite or other sulfide minerals as a discrete phase (such as arsenopyrite).  Both 

occurrences are commonly observed.  In a letter report (Prof. M. Williams, Dept. of Geosciences, 

U. Mass. - Amherst to M. Deuger, Army BRAC Office, May 8, 1996), electron microprobe 

analysis of a sample of granite from a gravel pile on Devens verified the presence of discrete 

grains of arsenopyrite as well as pyrite with detectable As.  The lithologic unit from which the 

gravel pile was mined is unknown, but it is probable that this material was locally derived.   

 

Pyrrhotite (Fe1-xS), niccolite (NiAs) and breithauptite (NiSb) belong to the niccolite group of 

sulfide minerals, all of which have AX-type structures (Mason and Berry, 1968).  Pyrrhotite 

occurs primarily in basic igneous rocks but has also been reported from contact metamorphic 

rocks, in high temperature hydrothermal veins, and in sediments.  Pyrrhotite has been found in 

association with pyrite, chalcopyrite (CuFeS2), pentlandite (Fe,Ni)9S8, and other sulfide minerals.  

Experimentally, arsenic has been shown to substitute in the pyrrhotite crystal structure, and 

arsenopyrite has been found as a pseudomorph after pyrrhotite (Deer, Howie, and Zussman, 

1966).   

 

In summary, the presence of sulfide mineralization in bedrock outcrops on and near Ft. Devens, 

the identification of sulfides in bedrock core samples from the Berwick Formation, and the 

unequivocal identification of cobaltite in a bedrock sample from the south shore of Grove Pond 
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(Gannett Fleming, 2002), indicate that arsenic minerals are commonly-observed, naturally 

occurring geologic constituents of the bedrock in the vicinity of Grove and Plow Shop Ponds. 

 

4.2 Hydrogeology 

 

The groundwater hydrology of the Grove Pond area has been explored through various field 

investigations and numerical modeling (e.g., CDM, 1993; ETA, 1995).  Grove Pond lies in a 

topographic depression, and the water table in the surficial aquifer generally mimics the 

topography.  Under unstressed conditions (i.e., in the absence of pumping), groundwater flow in 

the immediate vicinity of the Town of Ayer wells is from southwest to northeast, and discharges 

to the pond.  Similarly, flow in the area immediately north of the pond is toward the south, again 

discharging to the pond.  The water-table gradient in the unstressed state is approximately 0.008 

ft/ft beneath the slope descending toward the pond from the Devens boundary, and decreases to 

approximately 0.002 ft/ft near the Town of Ayer wells (estimated from the water table map 

shown in Figure 4-1, CDM, 1993).  Horizontal hydraulic conductivity for the aquifer is 

approximately 300 ft/day (CDM, 1993), consistent with a pump test performed on the Ayer 

wells, as well as various independent determinations in the area.  The ratio of horizontal to 

vertical hydraulic conductivity is estimated to be 10:1.   

 

Under pumping conditions, the groundwater elevations are drawn down by several feet at the 

Town of Ayer production wells, and flow is drawn from the surrounding area, including the 

aquifer beneath the pond.  The conceptual model invoked by most studies to date represents the 

outwash sand beneath the pond as a “semi-confined” aquifer; that is, the lower-conductivity 

pond-bottom sediments “cap” the underlying sand, offering resistance to infiltration from the 

pond, and supporting a vertical head difference.  Under pumping conditions, the head in the 

underlying sand is lower than that due to the standing pond water, and recharge from the pond to 

the aquifer is induced.  The flux of pond water through the bottom sediment and into the 

underlying sandy aquifer is determined by the distribution of the groundwater potential in the 

aquifer and the thickness and vertical hydraulic conductivity of the pond-bottom sediment.  It is 

emphasized that the hydraulic properties of the pond-bottom sediment, critical to calculating the 

induced infiltration, have not been measured directly, or inferred from calibration of numerical 

models.  In model studies performed to date, the conductivity of the pond sediment layer has 

been assumed to be similar to that determined in nearby surface water bodies (CDM, 1993) or to 

be some fraction of stream-bottom values characteristic of the region (ETA, 1995). 

 

4.3 Meteorology 

 

The Fort Devens climate is typical of the northeastern United States: long, cold winters and short, 

hot summers.  The coldest months are January and February, with mean daily minimum 

temperatures of 17 °F; July is the hottest month, with mean daily maximum temperature of 83 °F.  

The mean annual temperature is 58 °F.  During a normal year, the temperature reaches or exceeds 

90 °F on 12 days, and 134 days of the year the temperature is at or below freezing. 
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The 1993 Remedial Investigation (RI) report for Fort Devens (ABB-ES, 1993) summarizes local 

climatic conditions as follows:  Average annual rainfall is 39 inches.  Mean monthly precipitation 

varies from a low of 2.3 inches (June) to a high of 5.5 inches (September).  Average annual 

snowfall is 65 inches.  Most of the snowfall occurs between December and March, although 

snow has been reported for the months of September through May.  Wind speed averages 5 miles 

per hour (mph).  The highest monthly average is 7 mph (March and April), and the lowest 

monthly average is 4 mph (September).  Average daytime relative humidities range from 71 

percent (January) to 91 percent (August).  Average nighttime relative humidities vary between 46 

percent (April) to 60 percent (January). 

 

At Worcester (MA) Municipal Airport, approximately 25 miles to the southwest of the site, 

average annual rainfall for the period 1931 to 1997 is 46.84 inches.  Average monthly rainfall 

over the same period at Worcester is quite uniform, ranging from 3.10 inches in February to 4.40 

inches in November.  Although conditions at Ft. Devens may deviate slightly from those 

recorded in Worcester, approximately 30 miles away, the Worcester meteorological station is the 

nearest station with consistent, continuous data. 
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       5.0   CONCEPTUAL MODELS 
 

This chapter presents conceptual models and supporting information for the presence of the 

principal chemicals of potential concern (COPCs) in sediment in Grove and Plow Shop Ponds.  

In this section, information that is often presented separately as “Nature and Extent” and “Fate 

and Transport” has been combined to reduce redundancy and for clarity in discussing a rationale 

for the concentration, distribution, plausible source(s), and transport mechanism(s) for each 

element of interest.  The emphasis of this section is on elements and/or compounds that have 

been identified in previous studies of the ponds or in the present effort as potentially significant 

from a risk perspective.   In particular, the report focuses on arsenic (As), cadmium (Cd), 

chromium (Cr), mercury (Hg), and lead (Pb) in sediment.   Briefer treatments of manganese (Mn) 

and vanadium (V) are given, as well.   

 

Each of the key elements is treated in the following subsections.   Each subsection, in turn, first 

offers a qualitative discussion of the concentrations and spatial distribution of the particular 

element.  This discussion provides descriptive statistics for the element, and any observations of 

systematic variations within the system that may bear on interpretation of sources and transport 

processes.  Second, a brief outline of the properties and processes believed to be of significance 

in the transport of the element in the ponds is given.  Finally, a conceptual model is developed 

for the element.   The conceptual model attempts to integrate what is known about historical 

activities around the ponds that may have contributed contaminants to the sediment, the spatial 

distribution of element concentrations, and the environmental behavior of the element.   The 

objective of the conceptual model is to provide a general, interpretive framework that identifies 

likely source(s) and transport pathways for the element, and that is consistent with and supported 

by the available data.   The depth of the discussion offered for each element is conditioned by the 

importance of the element with respect to the most recent human-health and ecological risk 

assessments (Sections 6.0 and 7.0, respectively).  For that reason, arsenic and chromium, which 

are shown elsewhere to pose the most significant risks, are treated in somewhat more detail here.   

 

It should be noted that the assessments provided in this section are based on a subset of the 

comprehensive database that was assembled in the course of completing the ESI.  The 

comprehensive database attempts to bring together all available data from the many 

investigations that have been conducted on the ponds over approximately a 15 year time span.  

Although this large database has the potential to reveal systematic variations in contaminant 

concentrations at the scale of the ponds, and to provide relatively robust statistics, there are 

unavoidable inconsistencies within the data.  The different investigations involved a variety of 

sponsoring agencies, sampling crews, field sampling methods, analytical laboratories, and 

evolving technologies.  For these reasons, reported “non-detect” results from the laboratories 

imply a wide range of detection limits, and were discarded prior to calculating all sample 

statistics reported in this section.  In addition, a number of results in the database were identified 

in review as questionable due to possible laboratory error, data transcription error, etc.  These, 
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too, were eliminated from the database prior to calculating descriptive statistics.  That is, the 

discussion of conceptual models is based solely on what are believed to be “defensible” 

analytical results.  Omission of non-detect analyses, rather than invoking some arbitrary 

substitution such as half the method detection limit, tends to bias the reported estimates of central 

tendency (i.e., arithmetic or geometric mean) high.   The descriptive statistics summarized in this 

section are used solely for qualitative purposes to support the development of conceptual models 

for key elements.  

 

In order to visualize the spatial distribution of key elements, bubble maps are provided for each 

element, with the exceptions of Mn and V. The data are presented for each pond separately, and 

for two depth intervals, 0-1 ft below the sediment/water interface (“shallow”), and >1 ft below 

the sediment/water interface (“deep”).  The bubble maps display a name for every sample in the 

database;   however, a bubble is plotted only for each detection.  Non-detects are shown with the 

notation <MDL, where MDL is the reported detection limit.   The area of each bubble is 

proportional to the concentration (in mg/kg) of the particular element displayed.  

Correspondingly, the diameters of the bubbles scale with the square root of the concentration.  

The bubble maps are provided in order to give a qualitative, visual impression of the distribution 

of detected concentrations.  It is emphasized that the comprehensive data are assembled from all 

known sampling and analysis programs, and are not the result of a random sampling plan.  For 

this reason, there are spatial biases in the database, e.g., higher sample density in known areas of 

concern, such as Tannery Cove in Grove Pond and Red Cove in Plow Shop Pond.   

 

Histograms are presented for each element in each pond for the shallow (0-1 ft) sediment.  The 

histograms show the frequency of occurrence of analyses within given ranges, based on log10-

transformed concentrations (in mg/kg).   It is often observed that various environmental 

parameters are log-normally distributed, and there is some indication that the measured 

concentrations of inorganics in the pond sediments tend toward this pattern.  That is, the 

histograms of the log-transformed data are, in many cases, approximately Gaussian.  The peak of 

such a histogram is centered on the geometric mean of the sample population, and the spread 

about that peak is measured by the geometric standard deviation.   Elements that show marked 

departures from a log-normal distribution of concentrations, as well as a large spread in 

concentrations (i.e., large geometric standard deviation), are suggestive of anthropogenic inputs 

to the system.   This is apparent, for example, in the histogram for chromium in shallow (0-1 ft) 

sediment in Grove Pond.     

 

This section of the report does not attempt to address polycyclic aromatic hydrocarbons (PAHs), 

which have been detected in various locations in Grove and Plow Shop Ponds.  Of particular note 

are detections in sediment in the vicinity of the former Railroad Roundhouse site on the south 

shore of Plow Shop Pond.   Sediment toxicity tests conducted by EPA in 2005 using sediment 

from this area demonstrated lethal effects on both midge-fly larvae and amphipods.  However, 

because most of the sediment sampling and analysis conducted over the past two decades has 

been directed primarily toward metals contamination, insufficient data are available to support 
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the development of a conceptual model for PAHs.   It is noted that additional investigation of 

sediment contamination immediately offshore from the Railroad Roundhouse is currently being 

undertaken by Army.    

 

PCBs and pesticides also emerge from the present human-health risk analysis as risk drivers, and, 

like PAHs, are omitted from the discussion in this section.  There are insufficient data for these 

analytes to support an interpretation of source(s) and transport.   

 

5.1  Background: 

 

According to the EPA guidance (2002), background is defined as: 

 

1.  Naturally occurring:  present in the environment, not influenced by human activity 

 

2.  Anthropogenic:  natural and man-made, present in the environment as a result of human 

activity but not specifically site-related 

 

To date, there is no “sediment background” data set that has been collected explicitly for the 

purpose of establishing background concentrations of trace metals in Grove and Plow Shop Pond 

sediments.  To assemble such a data set is difficult for the following reasons: 

 

Data collected under a number of other programs (e.g., by Army, EPA, USF&W, USGS, etc.) 

suggest that the composition of groundwater discharging to these ponds is variable and location-

dependent.   Nevertheless, it has been documented that groundwater in the immediate vicinity of 

the ponds carries elevated levels of many of the elements of interest (particularly dissolved iron 

(Fe) and arsenic).  Because the pond sediments are accumulating these elements through 

geochemical mechanisms such as sorption and precipitation, spatial variability, both vertically 

and laterally, in pond sediment composition is expected.  It would be difficult to identify the 

number and location of pond sediment samples that adequately capture the range of conditions 

and concentrations represented in groundwater, even without consideration of any anthropogenic 

input.   

 

In addition, both Grove and Plow Shop Ponds have existed, in an urban/industrial setting, for 

over 100 years.  It is known that untreated tannery waste was discharged directly into Grove Pond 

at least throughout the first half of the 20
th
 century (see, e.g., Gannett Fleming, 2002) and it is 

likely that other historical, industrial operations surrounding the ponds were also responsible for 

contributing some portion of the COPCs to the sediments.  Unfortunately, records of operations 

and documentation of historical releases, either deliberate or unintended, are sparse.  Thus, 

identifying the anthropogenic component of “background” in these sediments is extremely 

difficult. 
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Two sediment samples were obtained in Flannagan Pond and one was collected in Sandy Pond, 

both of which are located upstream from the study area.  In addition, Norton, et al. (2001) 

analyzed one sediment core in Spectacle Pond, for comparison to cores that they collected from 

Grove Pond and Plow Shop Pond.  However, the extent to which these ponds receive 

contributions from surface runoff, groundwater, and/or any anthropogenic sources that are 

different from inputs to Grove and Plow Shop Ponds is not known, and so these cannot be 

considered to represent “background” for the purpose of comparison to the subject ponds.  In 

discussion of results from Flannagan, Sandy, and Spectacle Ponds, these locations will be 

referred to as “reference” areas rather than “background.”  

 

5.2  Pond Sediment Data Summary: 

 

The following tables summarize descriptive statistics for seven key elements in each pond and 

for each of two depth intervals.  Statistics for aluminum (Al) and iron (Fe) are also given because 

of their potential importance in the transport of the other metals.  As noted in section 5.0, the 

dataset was first reviewed for questionable entries (e.g., possible faulty analyses, data-entry 

errors, etc.), and all non-detect (ND) results were omitted for the purpose of calculating the 

statistical parameters.  In the following tables, the first column records the number of NDs 

present and the total number of samples present in the database.  The succeeding columns display 

the arithmetic mean (AM), the arithmetic standard deviation (ASD), the minimum detected 

concentration (recall that, in many cases, lower concentrations may have been sampled, but are 

not considered if not detected), the maximum concentration, the geometric mean (GM) given as 

the arithmetic mean of the logarithm (base 10) of the concentrations, the geometric standard 

deviation (GSM) given in logarithmic (base 10) units, and the geometric mean given in mg/kg 

(GM (conc)).  All concentrations are reported in mg/kg (ppm).  Note that the descriptive statistics 

for vanadium and manganese are based only on data collected by EPA in 2004/2005, and thus 

represent a much smaller database than do those for the other elements shown in the tables.   No 

deep (>1 ft) sediment from Grove Pond was analyzed in the EPA 2004/2005 program.   

 

Tabulated Data for Grove Pond Sediments, 0-1 ft 

 NDs/total AM ASD min. max. GM GSD GM (conc) 

Al 0 / 142 11200 13100 1320 90000 3.9024 0.3206 7990 

Fe 0 / 142 15500 8640 93 42800 4.0985 0.3381 12500 

Pb 2 / 142 271 337 3.29 1760 2.1248 0.5804 133 

Hg 24 / 120 25.8 68.5 0.128 420 0.6080 0.7991 4.06 

As 3 / 142 81.6 97.2 3.09 910 1.6975 0.4673 49.8 

Cd 54 / 133 31.2 83.9 1 730 1.1193 0.5272 13.2 

Cr 5 / 140 6050 12200 4.69 52000 2.6895 1.1243 489 

V 0 / 17 66.5 39.7 22 140 1.76 0.24 57.3 

Mn 0 / 17 981 469 70 1800 2.91 0.33 818 

         

Note:  NDs are not included in statistics 
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Tabulated Data for Grove Pond Sediments, >1 ft 

         

 NDs/total AM ASD min. max. GM GSD GM 

(conc) 

Al 0 / 14 4770 1370 2060 7800 3.6602 0.1383 4570 

Fe 0 / 14 5280 3260 1280 13900 3.6439 0.2828 4400 

Pb 6 / 16 122 310 3.21 1000 1.2863 0.7854 19.3 

Hg 3 / 10 27.1 55 0.0808 150 0.5369 1.087 3.44 

As 7 / 16 167 426 2.86 1300 1.3983 0.7882 25.0 

Cd 15 / 16 3.59  3.59 3.59 0.5551  3.59 

Cr 0 / 16 3290 10900 4.69 44000 1.9721 1.2065 93.8 

         

Note:  NDs are not included in statistics 

 

 

 

 

Tabulated Data for Plow Shop Pond Sediments, 0-1 ft 

         

 NDs/total AM ASD min. max. GM GSD GM 

(conc) 

Al 1 / 108 8320 5370 388 27000 3.8106 0.3468 6470 

Fe 0 / 108 58000 96300 428 410000 4.4217 0.5168 26400 

Pb 9 / 108 188 210 3.88 1210 2.0042 0.5541 101 

Hg 6 / 102 28.9 42.0 0.038 250 0.8721 0.8994 7.45 

As 1 / 108 579 1060 3.49 6800 2.3365 0.6340 217 

Cd 49 / 103 19.0 15.8 1.5 66 1.1316 0.3838 13.5 

Cr 6 / 108 2590 4230 8.3 37800 2.9580 0.7827 908 

V 5 / 20 39.2 22.5 7.1 80 1.50 0.32 31.8 

Mn 0 / 20 3430 7350 130 34000 3.15 0.55 1410 

         

Note:  NDs not included in statistics      
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Tabulated Data for Plow Shop Pond Sediments, > 1 ft 

         

 NDs/total AM ASD min. max. GM GSD GM 

(conc) 

Al 0 / 79 4950 4800 353 29000 3.5358 0.3875 3430 

Fe 0 / 79 15900 31600 335 220000 3.7922 0.5587 6200 

Pb 13 / 79 33.2 52.4 0.757 260 1.0554 0.6609 11.4 

Hg 26 / 78 16.2 38.4 0.1 220 0.4027 0.8308 2.53 

As 9 / 79 163 377 1.53 2500 1.5447 0.7668 35.1 

Cd 71 / 79 97.7 166 3.6 430 1.2959 0.8306 19.8 

Cr 12 / 77 477 999 4.6 5700 2.1027 0.7102 127 

V 4 / 24 15.0 12.5 3.2 51 1.05 0.33 11.2 

Mn 0 / 24 792 900 31 4500 2.68 0.49 475 

         

Note:  NDs not included in statistics      

 

5.3 Arsenic 

 

For comparison to Grove and Plow Shop Pond sediments, the following values are reported from 

the reference areas, as described above (Sec. 5.1):  

 

Reference Area As Concentration (mg/kg) 

Flannagan Pond 110 and 55  

Sandy Pond 47  

Spectacle Pond* 18  

Grove Pond* ~18-20 

Plow Shop Pond* ~29-59 

 

*Norton (2001) “background” 

 

5.3.1  Distribution 

 

5.3.1.1   Grove Pond 

 

In Grove Pond surficial sediments (0 to 1 ft depth), 3 out of 142 samples reported non-detectable 

arsenic concentrations.  Of the detected results, the arithmetic mean is 81.6 mg/kg and the 

geometric mean is 49.8 mg/kg (standard deviation of logs is 0.4673) (Fig. 5-1).  Detected values 

range from 3.09 mg/kg to 910 mg/kg. 

 

In deeper Grove Pond sediments (> 1 ft), 7 out of 16 samples reported non-detectable arsenic 

concentrations.  Of the detected results, the arithmetic mean is 167 mg/kg and the geometric 

mean is 25.0 mg/kg (standard deviation of logs is 0.7882).  Detected values range from 2.86 
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mg/kg to 1300 mg/kg.  The sample reporting 1300 mg/kg, from Tannery Cove, is not only a 

statistical outlier but also is likely due to burial of tannery-contaminated material and thus is not 

true “deeper sediment.”  The next highest value in the deeper Grove Pond data set is 78 mg/kg.  

Without the 1300 mg/kg, the arithmetic mean of the Grove Pond deeper sediment arsenic 

concentrations is 25.6 mg/kg and the geometric mean is 15.3 mg/kg.  

 

Arsenic values from shallow Grove Pond sediments are consistent with the upstream pond 

values, i.e. the arithmetic mean of 81.6 mg/kg is comparable to the values reported from 

Flannagan Pond (55 and 110 mg/kg) and Sandy Pond (47 mg/kg).  There is at least one high 

value among the Grove Pond samples (the maximum observed, 910 mg/kg; GRD-92-03X, in 

Tannery Cove), and possibly a few more, but most of the data appear to be generally consistent 

with values reported from upstream locations.  Overall, the data do not indicate that there has 

been extraordinary arsenic impact to Grove Pond sediments.  There are a few elevated 

concentrations in and near Tannery Cove (e.g., GRD-95-27X, 340 mg/kg; Fig. 5-2), and it is 

possible that these sediments contain a component of contamination related to historical pesticide 

use at the tannery.    

 

Data from the deeper Grove Pond sediments (Fig. 5-3) may be misleading because the sampling 

was biased toward Tannery Cove, and the “deep” samples probably were not always “deep.”  It is 

known that the sediments in the area of Tannery Cove have undergone considerable perturbation, 

including the deposition of fill in the cove, which would have buried earlier surficial sediments.  

Thus any tannery-related arsenic contamination may be present at depth when in fact it was 

originally deposited on the sediment surface.  In addition, the deeper Grove Pond sediments 

comprise a small sample population (n = 9 reportable detections) and the geometric standard 

deviation is relatively large, reflecting this small sample size.  The large scatter may be 

attributable to the few tannery-related high hits.   

 

In the study by Norton, et al. (2001), arsenic concentrations are relatively low in the “asymptotic” 

portion of the sediment profiles (at a depth of approximately 50 cm; 18-20 ppm).  The conceptual 

model developed by the authors of this study suggested that the arsenic was deposited from the 

“top down,” so the deeper concentrations represent “ambient” material.  However, this model 

neglects the possibility that some of the arsenic is accumulating in sediments by precipitation out 

of upwardly-discharging groundwater.  It is known that groundwater on the south side of Grove 

Pond, in the vicinity of the Town of Ayer water-supply wells, is reducing and relatively high in 

dissolved arsenic and iron (maxima approximately 200 micrograms per liter and 22 mg/L, 

respectively; GF, 2002).  This condition may exist elsewhere around Grove Pond as well as at 

other locations around Plow Shop Pond.  When upward-moving, reducing groundwater reaches a 

redox boundary somewhere near the sediment-water interface and encounters more oxidizing 

conditions, the iron precipitates out as ferric oxides, hydroxides, or oxyhydroxides.  These ferric 

iron phases are known for their capacity to sorb arsenic and other elements from solution.  Thus, 

as groundwater passes through pond-bottom sediments, these elements may accumulate in the 

solid phase as a consequence of the redox controls on their mobility.  Under this scenario, the 
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sedimentary profile has an entirely different origin, and it may be perfectly consistent to find 

arsenic at higher concentration in the shallower sediment. 

 

5.3.1.2   Plow Shop Pond 

 

In Plow Shop Pond surficial sediments (0 to 1 ft depth), 1 out of 108 samples reported non-

detectable arsenic concentrations.  Of the detected results, the arithmetic mean is 579 mg/kg and 

the geometric mean is 217 mg/kg (standard deviation of logs is 0.6340) (Fig. 5-1).  Detected 

values range from 3.49 mg/kg to 6800 mg/kg. 

 

In deeper Plow Shop Pond sediments (> 1 ft), 9 out of 79 samples reported non-detectable 

arsenic concentrations.  Of the detected results, the arithmetic mean is 163 mg/kg and the 

geometric mean is 35.0 mg/kg (standard deviation of logs is 0.7668).  Detected values range from 

1.53 mg/kg to 2500 mg/kg. 

 

The average arsenic concentration in shallow sediments in Plow Shop Pond is notably higher 

than that in Grove Pond (579 mg/kg, compared to 81.6 mg/kg). However, it is apparent (see, e.g., 

Fig. 5-4) that the sampling in Plow Shop Pond has been biased toward Red Cove and the west 

side of the Pond.  Because these areas were targeted for specific reasons (known high 

concentrations of arsenic and iron) and samples are not randomly located, the distribution and 

average arsenic concentrations in Plow Shop Pond cannot be considered to be “representative.”   

The observed differences between arsenic concentrations in Grove Pond and Plow Shop Pond 

sediments are attributed primarily to differences in the groundwater chemistry that is discharging 

to the ponds.  The southwest side of Plow Shop Pond, including Red Cove, is characterized by 

reducing groundwater bearing significantly elevated levels of dissolved arsenic (up to several 

hundred micrograms per liter).  The reasons for the local / regional difference in groundwater 

compositions is not known at this point, but EPA is currently conducting a comprehensive study 

that focuses on groundwater-surface water interaction in Red Cove. 

 

The database for deeper sediments in Grove Pond is small (n=9 detected values), with one 

sample reporting 1300 mg/kg; without this sample, the mean for Grove Pond deeper sediments is 

25 mg/kg.  The arithmetic mean of Grove Pond surface sediments is 81 mg/kg, suggesting a ratio 

of arsenic concentration in shallow sediments to deep sediments of approximately 3:1.  In 

contrast, the concentrations in Plow Shop Pond sediments, both shallow and deep, are larger and 

the databases are larger (n = 107 and n = 70 detectable values, respectively).  Overall, surface 

sediments in Plow Shop Pond are higher in arsenic (arithmetic mean = 579 mg/kg) than in Grove 

Pond, and the deeper sediments also report higher arsenic concentrations (163 mg/kg).  However, 

the ratio of arsenic concentration in shallow sediments to deep sediments in Plow Shop Pond is 

also approximately 3:1.   Thus, the observed distribution of arsenic in deep and shallow Plow 

Shop Pond sediments is consistent with the upward movement of groundwater bearing dissolved 

arsenic under reducing conditions and precipitation upon reaching a redox boundary near the 

sediment-water interface.  A more detailed conceptual model is postulated in Sec. 5.3.3. 
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5.3.2 Transport Processes 

 

The most common oxidation states in which arsenic occurs in the natural environment are +3, 

+5, and –3.  In solution, the principal inorganic species are referred to as arsenate, or  As(V), 

usually without regard to degree of protonation, and arsenite, As(III).   Under moderately 

oxidizing conditions (ORP > +100 mV), arsenic occurs predominantly as As(V), while As(III) is 

present under moderately reducing conditions.  As(V) sorbs more strongly, especially to 

hydroxide surfaces of iron, manganese, and aluminum.  Cations, anions, and uncharged species 

are attracted to sites on these surfaces that may also be positively, negatively, or neutrally 

charged, i.e. represented as Fe—OH2
+
, Fe—O

-
, and Fe—OH

0
, respectively.  Because As(III) 

species sorb less strongly, arsenic is both more mobile and more toxic in the trivalent state.  The 

solubility, toxicity, mobility, and bioavailability of As(V) and As(III) have been addressed at 

length in a number of papers in the recent literature.  Some excellent sources are the review 

papers by Bhumbla and Keefer, 1994; Smith et al, 1998; and Cullen and Reimer, 1989. 

 

In oxygenated fresh waters in the  pH range from ~5 to 9, the dominant As(V) species are 

H2AsO4
-
 (from pH <3 to around pH 7) and HAsO4

-2
 (to pH ~11). The dominant As(III) species in 

this pH range is H3AsO3
0
 (see, e.g., Cherry et al, 1979). The pH values measured in Grove Pond 

and Plow Shop Pond groundwater and surface water lie within this range.  In anoxic systems, 

As(III) is the thermodynamically significant form.  Under extremely reducing, acidic conditions 

and in the presence of sulfur, As2S3 (the mineral orpiment) or AsS (realgar) may form.  At 

neutral to alkaline pH, thioarsenite species, including AsS(SH)(OH)
 –
 , As(SH)S2

2–
 , AsS3

3–
 and 

As(SH)4 
– 
complexes, may be important (Bostick et al., 2005).   

 

The redox behavior of arsenic in natural systems is complex.  Thermodynamically, As(V) should 

be the dominant form relative to As(III). A recent study of arsenic in groundwater in a glacial-till 

aquitard system presents evidence of the suitability of using the As(V)/As(III) redox couple as an 

indicator of the oxidation-reduction potential of the system (Yan et al, 2000). However, 

thermodynamically predicted As(V)/As(III) ratios are rarely observed, and it is probable that 

relative concentrations of these species are affected by microbial reactions.   

 

Both pH and microbial activity influence the oxidation of arsenite to arsenate, and the reduction 

of arsenate to arsenite.  Bacteria, fungi, and some plants convert inorganic arsenic to organic 

forms (e.g., various methylated species such as monomethyl and dimethyl arsenic).  Some of the 

organic species are volatile (e.g. dimethyl arsine) but the predominant species are non-volatile or 

semi-volatile (Argonne National Laboratory, Human Health Fact Sheet, August 2005).  

Concentrations of organic arsenic species are controlled by the composition of the microbial 

population; nature and concentration of organic matter; redox conditions; pH; mineral 

composition; and moisture.  A more detailed description of these processes, as well as an 

extensive discussion of the bacterial methylation of arsenic, and a discussion of the uptake of 

arsenic by terrestrial and aquatic plants, is found in Cullen and Reimer, 1989. 
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5.3.3    Conceptual Model 

 

Arsenic is a naturally occurring element that is commonly found in New England soils and 

groundwater.  Originally associated primarily with sulfide minerals in bedrock, arsenic is 

redistributed throughout the overburden by physical (e.g. glacial erosion and transport) and 

chemical processes (e.g., dissolution, precipitation, adsorption).  In addition, anthropogenic 

arsenic sources include waste incineration, coal combustion, metal mining, pesticide and 

herbicide applications, and use as a wood preservative.  Potential sources that may have 

contributed arsenic to Grove Pond and Plow Shop Pond include local apple orchards, the leather 

tannery, and numerous historical industrial operations surrounding the ponds.   

 

Concentrations of arsenic in Grove and Plow Shop Ponds are clearly elevated in places and 

exceed some standard risk thresholds (e.g., secs. 6 and 7).  One distinct “hotspot” occurs along 

the southwest shore of Plow Shop Pond (see Fig. 5-4).  In July 2004, EPA sampled groundwater 

via GeoProbe at several points around Plow Shop Pond. Two of these were located immediately 

adjacent to Red Cove, in order to characterize the vertical distribution of arsenic and other 

parameters in groundwater discharging to the cove (EPA data, July 2004).  Data from these 

vertical profiles show that ORP ranges from -133.9 mV (at a depth of 30-32 ft BGS immediately 

adjacent to Red Cove) to +94.7 mV (at a depth of 6-8 ft BGS near the Plow Shop Pond dam).  

Dissolved arsenic ranges from non-detect at 1 microgram per liter to several hundred ppb 

(maximum 740 ppb, at a depth of 14 ft below ground surface (BGS) near Red Cove); and 

dissolved iron is present at concentrations between 430 and 72000 micrograms per liter.  ORP 

generally decreases with depth below ground surface, pH increases, and both iron and arsenic 

concentrations increase as ORP decreases (Fig. 5-6).  The positive correlation between dissolved 

arsenic and iron observed in these data suggests that reductive dissolution of ferric 

oxyhydroxides in the overburden and release of sorbed constituents is responsible for the 

elevated arsenic in groundwater discharging toward the Cove.  When this reducing groundwater 

reaches a redox interface, the ferrous iron in solution forms a number of phases that sorb arsenic 

and other dissolved trace metals (LaForce et al., 2000; Harrington et al., 1998; Brannon and 

Patrick, 1987; and Moore et al., 1988). 

 

The association of reducing groundwater with high Fe and high As concentrations is observed 

throughout the region.  While the presence of Shepley’s Hill Landfill may be a factor in 

mobilization of Fe and As in groundwater reaching Red Cove, the extent to which anthropogenic 

versus natural processes are responsible for high As concentrations in Plow Shop Pond 

(specifically in Red Cove) is currently unknown.  Ongoing investigations by the EPA and Army 

may provide additional insights into the cause of the low-ORP, high-Fe, high-As groundwater on 

the east side of the landfill.   In the fall of 2005, EPA Office of Research and Development 

(ORD) personnel began a focused investigation of groundwater-surface water interaction in the 

vicinity of Red Cove.  A key objective of their study is the identification of the processes that 

control arsenic behavior at Red Cove.  As part of this study, groundwater, surface water, pore 

water, and sediments have been sampled and will be characterized for a more comprehensive 
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understanding of the mechanisms that determine arsenic mobility at this location.  

Documentation is anticipated in 2007.   In addition, Army is undertaking a Comprehensive Site 

Assessment and a Corrective Action Alternative Analysis for Shepley’s Hill Landfill, which may 

also provide insight into the relationships between the landfill, groundwater geochemistry, and 

groundwater – surface water interaction.   Pending results of these studies, no definitive 

conclusions can be drawn regarding the role of the landfill in mobilizing arsenic transport to Red 

Cove.  This question is beyond the scope of the present report.   

 

Conclusions (Arsenic): 

 

The following points are offered in support of the ‘weight of evidence’ conclusion that elevated 

levels of arsenic in Grove Pond and Plow Shop Pond sediments, particularly in the vicinity of 

Red Cove, are due to accumulation from groundwater: 

 

• Low-ORP, high-Fe, high-As groundwater is known to be discharging toward the Cove  

(supported by EPA 2004 groundwater data); 

 

• Presence of low-ORP,  high-Fe, high-As groundwater and high-As sediments elsewhere, at 

locations not impacted by landfills (e.g., Grove Pond); 

 

• Observed oxidation and precipitation of iron, as Fe(III) oxide phases, in Red Cove sediments 

(i.e., the red floc often observed on the sediment surface); 

 

• Known affinity of hydrous ferric oxides for arsenic and other trace metal species in solution, 

resulting in the observed association of Fe and As in a fixed ratio in pond sediments (Fig. 5-

7); 

 

• Decrease in sediment arsenic concentration along west side of Plow Shop Pond, approaching 

the ‘hinge’ where the more oxidizing pond water is recharging groundwater; 

 

• Lack of a plausible anthropogenic explanation for fairly uniform but elevated As 

concentrations in sediments across both Grove and Plow Shop Ponds (with the exception of 

Red Cove), both of which are shallow, low-energy environments unfavorable to large-scale 

sedimentary mixing; 

 

• Accumulation of arsenic in sediments at redox boundaries is a recognized phenomenon. 

 

In addition, arsenic may be precipitating in pond sediments in sulfide phases that may include 

either discrete As-sulfides such as orpiment (As2S3) or realgar (As2S2), or in association with Fe-

sulfides (Huerta-Diaz et al., 1998).  Although this mechanism is incompletely understood at 

present, the formation of arsenic phases under sulfidic conditions is the subject of ongoing 

research (e.g., Wilkin and Ford, 2002; Wilkin, 2001; Wilkin et al., 2002).  The precipitation of 
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realgar has been reported in marine sediments (O’Day et al., 2004) and the precipitation of 

arsenic sulfides has been postulated as an explanation of the observed decrease in aqueous 

arsenic concentrations in very low-ORP groundwater at several sites in New England (Stein, et 

al., 2005).  While no data currently exist to support the occurrence of this mechanism in 

sediments from Grove or Plow Shop Pond, EPA investigators (study in progress; Ford et al., 

2006) have observed zones of black, organic-rich sediment in shallow cores taken in Red Cove.  

Results obtained by Ford and co-workers from such intervals will yield insights into the nature of 

As or As-Fe phases forming under anoxic conditions in Plow Shop Pond sediments. 

 

In Grove Pond, another “hotspot” is observed in the vicinity of Tannery Cove.   It is probable that 

arsenical pesticides were used at the tannery, but this mass contribution is minor compared to 

contributions from groundwater (see, e.g., Fig. 5-1), especially on the southwest shore of Plow 

Shop Pond.  Sample GRD-95-26, located in Tannery Cove and at a depth of 3 ft, reported 1000 

mg/kg Pb and 1300 mg/kg As, which may be indicative of the use of lead arsenate, an insecticide 

that first came into use in Massachusetts in 1892 (Peryea, 1998).  In the same sample, Cr and Hg 

are reported at 44000 mg/kg and 150 mg/kg, respectively, and these elements are also consistent 

with tannery-related chemicals.  It is apparent that this sample contains some component of 

contamination from the tannery, but the depth of this sample suggests that the contamination was 

initially a surficial deposit that was subsequently buried by fill.    

 

5.4 Cadmium 

 

5.4.1  Distribution 

 

Cadmium does not prove to be a major risk driver for either human health or ecological receptors 

in the present assessment (Secs. 6 and 7).  However, it has been singled out previously as a 

contaminant of potential concern (e.g., ABB, 1995).  For this reason, a brief discussion of the 

distribution of cadmium in the ponds is offered here for completeness. For comparison to Grove 

and Plow Shop Pond sediments, the following values are reported from the reference areas, as 

described above (Sec. 5.1):  

 

Reference Area Cd Concentration (mg/kg) 

Flannagan Pond 11 and 13  

Sandy Pond <3  

Spectacle Pond* 0.44 

Grove Pond* ~0.2 – 0.38 

Plow Shop Pond* ~<0.2 – 0.58 

 

*Norton (2001) “background” 

5.4.1.1   Grove Pond 
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The distribution of cadmium detections in shallow (0-1 ft) sediment samples from Grove Pond is 

shown in Figure 5-8.  There is no obvious spatial pattern of cadmium concentrations.   The 

maximum detection is 730 mg/kg, in a sample at the west end of the pond, adjacent to the 

railroad causeway.   This is an outlier within the available data;  the next highest detection is 130 

mg/kg, located in the center of the pond.  Cadmium was not detected in 54 of 133 samples in the 

database for shallow sediment.   The arithmetic mean of the 79 detections is 31.2 mg/kg;   the 

geometric mean is 13.2 mg/kg (Fig. 5-9).   The geometric mean is nearly identical to that for 

Plow Shop Pond detections (13.5 mg/kg).   That is, this measure of central tendency does not 

distinguish the two ponds. 

 

Based on his own more limited sampling (three cores and ten surface grab samples), Norton 

(2001) suggests that there is a preponderance of higher concentrations in the eastern end of 

Grove Pond.  Based on the comprehensive data displayed in Figure 5-8, this pattern is not 

strongly supported.   Norton calculated an arithmetic mean of 12 mg/kg for his ten surface 

sediment samples, within a factor of 2 to 3 of the mean calculated for the comprehensive data set.   

 

Cadmium was detected in the two upstream reference samples from Flannagan Pond at 11 and 13 

mg/kg, and was ND (<3 mg/kg) in the single upstream reference sample from Sandy Pond.   

Based on this very small sample set, there is nothing to distinguish shallow-sediment Cd 

detections in the upstream reference ponds from those in Grove Pond.      

 

Sampling of deep (>1 ft) sediment in Grove Pond is relatively sparse, and Cd was detected in 

only one of fifteen samples, at a concentration of 3.59 mg/kg (Fig. 5-10).   Based on these limited 

data, it appears that cadmium concentrations at depth are lower overall than those in the upper 1 

ft of sediment.   

 

5.4.1.2   Plow Shop Pond 

 

The distribution of cadmium detections in shallow (0-1 ft) sediment samples from Plow Shop 

Pond is shown in Figure 5-11.  There is some suggestion that the higher detections tend to be 

more concentrated toward the western shore.   The maximum detection is 66 mg/kg, in a sample 

in the southwest portion of the pond known as Red Cove.  Cadmium was not detected in 49 of 

103 samples in the database for shallow sediment.   The arithmetic mean of the 54 detections is 

19.0 mg/kg;   the geometric mean is 13.5 mg/kg (Fig. 5-9).   The geometric mean is nearly 

identical to that for Grove Pond detections (13.2 mg/kg).   That is, this measure of central 

tendency does not distinguish the two ponds. 

 

For comparison, Norton (2001) reports an arithmetic average for Cd in 10 shallow-sediment grab 

samples of 6 mg/kg, about one third of the result for the larger database considered here.   The 

estimates of central tendency for Cd in shallow sediment in Plow Shop Pond (arithmetic mean: 

19.0 mg/kg; geometric mean: 13.5 mg/kg) are comparable to the single-sample results for the 

upstream reference ponds (one ND, and detections of 11 and 13 mg/kg).   
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The majority of deep sediment samples (>1 ft) from Plow Shop Pond (Fig. 5-12) did not yield 

detectable cadmium; 71 of 79 samples were ND.    Two samples show anomalously high 

detections.   The highest cadmium concentration found in deep Plow Shop Pond sediment is 430 

mg/kg at a depth of 1.5 ft, immediately off the Railroad Roundhouse site (PSPC09).  The other 

high detection is in Red Cove (PSPC19), with a concentration of 290 mg/kg at a depth of 3.5 ft.  

The arithmetic mean of the 8 detections in deep sediment is 97.7 mg/kg;   the geometric mean is 

19.8 mg/kg.   Note that these values are not indicative of the central tendency across the pond, 

because they give no weight to the non-detects, which dominate the overall dataset.  In addition, 

it is noted that both the area off the Railroad Roundhouse site and the area of Red Cove may have 

received an input of sediment due to various site activities (e.g., erosion from the steep slopes 

between the roundhouse and the pond and between Shepley’s Hill Landfill and the pond), so that 

“deep” (>1 ft) sediment may have been closer to the sediment – water interface in relatively 

recent years.   

 

5.4.2   Transport Processes 

 

Cadmium occurs as Cd
2+
 and in a variety of Cd(II) solids (e.g., CdO, CdCO3, CdCl2, CdSO4, 

CdS).  Like other metal cations, cadmium sorbs onto oxyhydroxides of Fe, Al, and Mn.   In an 

aqueous environment, cadmium will eventually precipitate as an oxide or a sulfide, depending 

upon local redox conditions and the availability of reduced sulfur.    

 

5.4.3    Conceptual Model 

 

Cadmium appears to be somewhat elevated in Grove Pond and Plow Shop Pond shallow 

sediment relative to what might be considered “background” for the area.  Norton (2001) 

collected and analyzed a core from Spectacle Pond, located about 3.5 miles to the east, as 

representative of a nearby pond not subject to historical industrial activities.  The highest Cd 

detected in the Spectacle Pond core was 1.64 mg/kg.  In contrast, central tendency estimates for 

Grove and Plow Shop Ponds shallow sediment (0-1 ft) are of the order of tens of mg/kg.  

Cadmium in the ponds generally shows no systematic spatial variation in map view, suggesting 

that its presence may be related to widespread urban and industrial activities surrounding the 

ponds.  Scattered high values, such as the 730 mg/kg detection near the western shore of Grove 

Pond, may reflect sporadic, local sources.  There is a suggestion of higher concentrations (of the 

order of tens of mg/kg) along the southern and western shores of Plow Shop Pond (Fig. 5-11).  It 

is possible that the Cd originates in adjacent soils, and that the clastic sedimentation rate is 

somewhat higher in these areas because of relatively steep slopes and some bare ground on the 

shore.  This speculation is further supported by the observation of detections of Cd in the deep 

(>1 ft) sediment in the same areas.   Elsewhere, there is a striking contrast between shallow 

sediment (0-1 ft), in which nearly half of all samples show detectable cadmium, and deeper 

sediment (>1 ft), in which Cd was detected in less than 10% of all samples.    
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Cadmium enters the environment via a number of uses.  It is present in petroleum and coal, and 

is consequently released to the atmosphere in combustion products, and subsequently deposited 

to surface soil and water.  In addition, particulates from tire wear contribute Cd near roads 

(California Air Resources Board, 2004).   Cadmium is used extensively in batteries.   One 

possible use near the ponds is in vented Ni-Cd batteries, often used in diesel locomotives, which 

are known to release Cd to the environment (Dartmouth Toxic Metals Research Program, 2005).   

Cadmium is also widely used as a pigment in paints, plastics, ceramics, enamels, and glass;  its 

use in dyes goes back to the 19
th
 century and before.  Historical maps and drawings of the Town 

of Ayer show an industrial facility on the north shore of Plow Shop Pond in the late 19
th
 century 

labeled Nashoba Mordant and Dye Company;   it is unknown whether or not this business 

manufactured or handled cadmium-based pigments.  Other possible industrial users of Cd 

include the former tannery and the present-day plastics business on the northwest shore of Grove 

Pond.  Cadmium is added to plastics not only as a pigment, but also as a stabilizer against 

degradation by light and temperature (ATSDR, 1999).   Cadmium has been used in rare instances 

in the tanning process (Dartmouth Toxic Metals Research Program, 2005), but there is no 

indication of a spatial association with the tannery site on Grove Pond, or any apparent 

correlation with more unequivocal tannery contaminants, such as chromium.   

 

Detections of Cd at concentrations of several hundred mg/kg in deep Plow Shop Pond sediment 

adjacent to the Railroad Roundhouse and in Red Cove appear to be isolated, and are of unknown 

origin.  Both areas may have been subject to relatively rapid sedimentation due to erosion of the 

steep slopes between the roundhouse and the pond and between Shepley’s Hill Landfill and the 

pond, so that material that was at the sediment – water interface during the 20
th
 century is now 

buried to depths up to several feet.   

 

It is noted in the comprehensive data for sediment in Grove and Plow Shop Ponds that there is a 

rather strong empirical correlation between cadmium and lead.  Figure 5-13, for example, shows 

that the ratio of Pb to Cd is constant over the upper 15 cm of Grove Pond Core #1 analyzed by 

Norton (2001).  Such a correlation is suggestive of either a common source (i.e., Cd and Pb were 

released to the environment in a roughly fixed proportion, which is retained through their 

transport and accumulation processes in the ponds), or common controls on transport once in the 

environment (i.e., the sources may be different, but the predominant transport processes tend to 

distribute the metals spatially in a similar fashion).  The former scenario is consistent, for 

example, with a source in combustion of leaded fuels with minor Cd impurities.   At depth (Fig. 

5-13), the Cd concentrations decrease more rapidly than do the Pb concentrations;  no 

explanation for this systematic variation has been identified.   

 

In summary, cadmium is somewhat elevated in shallow sediment across both ponds, at geometric 

mean concentrations of the order of 10 mg/kg.  The widespread presence of Cd is likely 

attributable to deposition from the atmosphere and from particulates carried to the ponds in 

stormwater runoff.   In addition, there are sporadic, local concentrations of the order of hundreds 

of mg/kg, possibly related to historical industrial and transportation activities around the ponds.  
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Specific discrete sources are not indicated by the available data, and ultimate sources of release 

remain unknown.   

 

5.5  Chromium 

 

5.5.1  Distribution 

 

For comparison to Grove and Plow Shop Pond sediments, the following values are reported from 

the reference areas, as described above (Sec. 5.1):  

 

Reference Area Cr Concentration (mg/kg) 

Flannagan Pond 21 and 14  

Sandy Pond 27  

Spectacle Pond* 24  

Grove Pond* ~30-35 

Plow Shop Pond* ~8-50 

 

*Norton (2001) “background” 

 

5.5.1.1   Grove Pond 

 

In Grove Pond surficial sediments (0 to 1 ft depth), 5 out of 140 samples reported non-detectable 

chromium concentrations.  Of the detected results, the arithmetic mean is 6050 mg/kg and the 

geometric mean is 489 mg/kg (standard deviation of logs is 1.1243) (Fig. 5-14).  Detected values 

range from 4.69 mg/kg to 52000 mg/kg. 

 

In deeper Grove Pond sediments (> 1 ft), 0 out of 16 samples reported non-detectable chromium 

concentrations.  The arithmetic mean is 3290 mg/kg and the geometric mean is 93.8 mg/kg 

(standard deviation of logs is 1.2065).  Detected values range from 4.69 mg/kg to 44000 mg/kg. 

 

Chromium concentrations in sediments from the reference areas are remarkably uniform, 

generally around ~ 20 to 30 mg/kg, suggesting that this is a “typical” ambient Cr value.  

However, extreme values – up to three orders of magnitude higher than the background range – 

are likely due to anthropogenic impacts.  The distribution of these extreme concentrations (Fig. 

5-15) indicates an association with the former tannery, with some transport to the east and also to 

the west, through Plow Shop Pond.  Also, the very high values in deep sediment (Fig. 5-16) are 

located in Tannery Cove.  Although initially tannery-related and likely the result of surface 

deposition, these concentrations are found in sediments that are now deep due to burial by in-

filling of the cove.  The standard deviations of the logarithmically transformed data from Grove 

and Plow Shop Ponds are high, due to the large spread in the data.  Figure 5-14 shows the 

distributions of Cr data from Grove and Plow Shop Ponds. 
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In addition to the high Cr concentrations found near the former tannery site, two sediment 

samples from the southwest cove of Grove Pond exhibit elevated Cr.  Samples GRD-95-29X and 

GRD-95-46X are reported at 20400 mg/kg and 2010 mg/kg, respectively.  The higher of these 

two is among the samples exhibiting a correlation between Cr and Hg, suggesting a possible 

association with tannery-derived contamination.   

 

5.5.1.2   Plow Shop Pond 

 

In Plow Shop Pond surficial sediments (0 to 1 ft depth), 6 out of 108 samples reported non-

detectable chromium concentrations (Fig. 5-17).  Of the detected results, the arithmetic mean is 

2590 mg/kg and the geometric mean is 908 mg/kg (standard deviation of logs is 0.7827) (Fig. 5-

14).  Detected values range from 8.3 mg/kg to 37800 mg/kg. 

 

In deeper Plow Shop Pond sediments (> 1 ft), 12 out of 77 samples reported non-detectable 

chromium concentrations (Fig. 5-18).  The arithmetic mean is 477 mg/kg and the geometric 

mean is 127 mg/kg (standard deviation of logs is 0.7102).  Detected values range from 4.6 mg/kg 

to 5700 mg/kg. 

 

5.5.2 Transport Processes 

 

The most common oxidation states of chromium are Cr
0
, Cr

+3
 (trivalent chromium) and Cr

+6
 

(hexavalent chromium).   Most naturally occurring chromium is in the form of Cr(III), while 

anthropogenic chromium enters the environment usually as Cr(III) or Cr(VI).  Most Cr(VI) salts 

have high solubilities, while the solubilities of Cr(III) solids (oxides, hydroxides, or 

oxyhydroxides) are low, of the order < 0.05 parts per billion at pH = 6 (James, 2002).  Chromate 

is a strong oxidant, and Cr(VI) is relatively easily reduced in the environment by interaction with 

such common reductants as Fe(II) and organic matter (Rai et al., 1989).  The oxidation of Cr(III) 

to Cr(VI) is slow and controlled primarily by Mn-oxide.  Cr(III) either sorbs or precipitates 

readily, through adsorption onto ferric oxyhydroxides; by precipitation as a discrete Cr-oxide or 

oxyhydroxide; or through substitution of Cr
+3
  for Fe

+3
, due to their similar ionic radius and 

charge, and precipitation as a mixed  Cr
+3
--Fe

+3
oxide, hydroxide, or oxyhydroxide, e.g. (CrxFe1-

x)(OH)3. In the pH range from 4 to 9 and at redox potentials (Eh) between approximately +250 

and +750 mV, the dominant Cr(VI) species in solution are HCrO4
-
 and CrO4

-2
.   At lower Eh and 

with increasing pH, Cr(III) species are Cr
+3
, Cr(OH)

+2
, Cr3(OH)4

+5
, Cr(OH)2

+
, and Cr(OH)3(aq) 

(calculated using Geochemist’s Workbench; Bethke, 19xx;  at 25 °C, chromium activity = 10
-5
).  

In solution, aqueous concentrations of Cr(VI) are controlled mainly by adsorption/desorption and 

precipitation/dissolution reactions under neutral to acidic conditions, while Cr(III) concentrations 

are determined primarily by precipitation/dissolution of Cr(III) solids (Rai et al., 1989). 

 

The solubility of Cr(III) may be enhanced by complexation or chelation with organic molecules.  

It is known, for example, that organic acids containing carboxyl groups (e.g., --RCOOH) can 

coordinate with Cr(III) to form complexes that may remain in solution for days to months.  
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Factors affecting the solubility of Cr(III) in these forms include pH, light, concentration and 

molecular weight of organic acids, and microbial activity (James, 2002; James and Bartlett, 

1983; Srivastava et al., 1999).  The accumulation of Cr by aquatic plants is also known (e.g., 

Cossich et al., 2002).  The large amount of aquatic vegetation observed in both Grove and Plow 

Shop Ponds may have played a significant role in the distribution of chromium, originating at the 

former tannery site, in pond sediments.   However, the extent to which chromium transport in the 

ponds has occurred, either as organic complexation of Cr(III) or sorption/uptake by aquatic 

plants, is unknown and cannot be determined from currently available data. 

 

5.5.3    Conceptual Model 

 

Known uses of chromium (both Cr(III) and Cr(VI)) include chrome plating operations, the 

manufacture of dyes and pigments, steel-making, leather tanning, wood preservation, and as rust 

and corrosion inhibitors and algaecides in industrial processing water.  In addition, chromium 

compounds are also used in the textile industry as mordants, and lead chromate (“chrome 

yellow”) is a pigment that is used in paints, plastics, and printing ink.  At least two historical 

industries that may have used some of these chromium compounds were located in the 

immediate vicinity of the ponds, including the Nashoba Mordant and Dye Company, located at 

the northern end of Plow Shop Pond, and the tannery at the northwest corner of Grove Pond.   

 

In the leather-tanning process, chromium salts are commonly used, most often as a basic Cr(III) 

sulfate.  Hides are pickled in an acidic solution at a pH of 3, the chrome solution is introduced, 

and the pH is increased.  Because the tannery discharged an untreated waste stream directly into 

Grove Pond from the beginning of operations in the mid-19
th
 century until the middle of the 20

th
 

century, it is likely that Grove and Plow Shop Pond sediments contain some component of 

tannery-related chromium contamination.  Some Cr (III) precipitates as mixed Cr-Fe oxide or is 

removed from solution by adsorption onto Fe (and/or Al, Mn) oxides in sediment.  In addition, 

organic complexation of Cr(III) and/or uptake of Cr by suspended aquatic vegetation can enhance 

chromium mobility and may account for the observed distribution in pond sediments, particularly 

in Plow Shop Pond.  Such processes may also bear on the apparently anomalous detection of 

chromium at 20,400 mg/kg in the southwest cove of Grove Pond.   

 

The Massachusetts Department of Environmental Protection performed an investigation of the 

former tannery site in 1999 (MADEP, 2000) that included sampling of soils and groundwater, as 

well as adjacent sediment and surface water in Tannery Cove.  Although high concentrations of 

chromium were detected in site soils (maximum 63,800 mg/kg at 9-11 ft bgs in the boring for 

MW-6), groundwater concentrations were relatively low (maximum (dissolved) 69 µg/L at PZ-

1R, November 1999).  The MADEP concludes,  Calculations based on data from the 

piezometers, seepage meters, and monitoring well indicate that under current conditions, transfer 

of metals from groundwater to Grove Pond sediments near the PDC site is not a significant 

source of metals in the sediments.” (MADEP, 2000, sec. 9.40, p. 30)  
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It is notable that chromium concentrations in shallow (0-1 ft) sediments are ubiquitously high 

across Plow Shop Pond (Fig. 5-17); many samples report Cr at least two orders of magnitude 

above the reference area concentrations.  Although there is little doubt that the tannery 

contributed significant quantities of chromium to the pond system, questions of additional 

sources and transport mechanisms remain open to speculation.   

 

Elevated concentrations (of the order of thousands of mg/kg) are found in deep sediment (>1 ft) 

along the southern and western shores of Plow Shop Pond (Fig. 5-18).  It is possible that the Cr 

was originally deposited at the water/sediment interface, and subsequently buried to appear in 

“deep” sediment.   As noted in the discussion of Cd in deep Plow Shop Pond sediment (sec. 

5.4.3), there are suggestions that the clastic sedimentation rate is somewhat higher along the 

southern and western shores because of relatively steep slopes and some bare ground.   

 

Chromium may have been used to treat industrial-process waters that were discharged to one or 

both ponds, as an algaecide or a rust inhibitor.  A good-faith effort was made to search the 

records of the Town of Ayer for any information that such treatments might have contributed to 

the Cr load in pond sediments, without success.  Inquiries to the Town of Ayer regarding this 

question did not produce any response, so any direct anthropogenic contributions cannot be 

established with certainty. 

 

Conclusions (Chromium): 

 

Any interpretation is largely speculative, given the available data and information on industrial 

use or discharge of these elements.  Nevertheless, the following points are offered in support of 

the ‘weight of evidence’ conclusion that elevated levels of chromium in Grove Pond and Plow 

Shop Pond sediments are due to waste discharged by the former tannery and transported by 

dissolved or suspended organic matter: 

 

• Cr(III) may remain in solution for long periods when in the form of organic complexes  

 

• Uptake/accumulation and mobilization by aquatic vegetation is a plausible mechanism, given 

the amount of biomass in each of the subject ponds 

 

• The highest Cr concentrations and the highest Pb concentrations are strongly correlated (R
2
 > 

0.9) and are found in sediments from Tannery Cove (Fig. 5-19).  Elsewhere in both ponds, 

the correlation between Cr and Pb is weak or non-existent.   This observation is consistent 

with postulated uses of both Cr (in the tanning process) and Pb, possibly as an arsenate 

pesticide, at the tannery. 

 

• Chromium is correlated with mercury in both Grove and Plow Shop Pond sediments (Fig. 5-

20), suggesting a possible common source and transport mechanism (see Conceptual Model 

for Hg in Sec. 5.6.3).  The data shown in Fig. 5-20 for Grove Pond sediments indicate two 
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possible Cr/Hg trends, possibly indicating that two different mechanisms may be responsible 

for their behavior in pond sediments, such as abiotic and inorganic adsorption (e.g., onto 

Fe(III) phases) and organic and/or aquatic-plant controlled uptake and deposition. 

 

5.6  Mercury 

 

5.6.1  Distribution 

 

For comparison to Grove and Plow Shop Pond sediments, the following values are reported from 

the reference areas, as described above (Sec. 5.1):  

 

Reference Area Hg Concentration (mg/kg) 

Flannagan Pond 0.3 and 0.3 

Sandy Pond 0.62 

Spectacle Pond* 0.112  

Grove Pond* ~0.090 – 0.180 

Plow Shop Pond* ~0.170 – 2.323 

 

*Norton (2001) “background” 

 

5.6.1.1   Grove Pond 

 

The distribution of mercury detections in shallow (0-1 ft) sediment samples from Grove Pond is 

shown in Figure 5-21.  There is a clear preponderance of higher concentrations in the 

northwestern portion of the pond, known as Tannery Cove.   The maximum detection is 420 

mg/kg, in a sample in this area (GRD-92-03X).  The second highest detection is also in Tannery 

Cove, at 340 mg/kg (GP13).   Mercury was not detected in 24 of 120 samples in the database for 

shallow sediment.   The arithmetic mean of the 96 detections is 25.8 mg/kg;   the geometric mean 

is 4.06 mg/kg (Fig. 5-22).   (Note that the apparent anomaly on the bubble plot (Fig. 5-21) in the 

far SW cove of Grove Pond is a data-entry error.  The reported Hg concentration there is 4.22 

mg/kg.  It is entered in the database at 422 mg/kg.  The sample number is GRD-95-44X.)   

 

Based on a smaller sample set of ten surface grabs, Norton (2001) calculated an arithmetic mean 

of 29.3 mg/kg, very close to that computed for the comprehensive dataset discussed in the 

foregoing. 

 

Mercury was detected in the two upstream reference samples from Flannagan Pond at 0.3  mg/kg, 

and in the reference sample from Sandy Pond at 0.62 mg/kg.  Based on this limited comparison, 

it appears that mercury is significantly elevated in shallow Grove Pond sediment relative to the 

upstream reference ponds, particularly in the area of Tannery Cove.   It is emphasized again that 

the central tendency estimates for the comprehensive data are based on detections only, and are 

therefore biased high with respect to the pond-wide mercury concentrations.   
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Sampling of deep (>1 ft) sediment in Grove Pond is relatively sparse (Figure 5-23), and Hg was 

detected in seven of ten samples.  Although there is a suggestion of higher detections in the 

Tannery Cove area, this conclusion is tentative because of the paucity of samples across the 

majority of the pond.  The arithmetic mean of the seven detections is 27.1 mg/kg;   the geometric 

mean is 3.44 mg/kg.   These central-tendency estimates are strongly influenced by a few high 

detections in the Tannery Cove area, and are not representative of the pond as a whole.   The 

maximum concentration detected in deep sediment is 150 mg/kg (GRD-95-26X) at a depth of 3 

ft.  The next highest detection is also in Tannery Cove, 28 mg/kg (GRD-95-27X) at a depth of 5 

ft.  It is noted that the area off the former tannery site is known to have been subject to filling, so 

that “deep” (>1 ft) sediment was likely closer to the sediment – water interface in relatively 

recent years.   

 

5.6.1.2   Plow Shop Pond 

 

The distribution of mercury detections in shallow (0-1 ft) sediment samples from Plow Shop 

Pond is shown in Figure 5-24.  No spatial pattern is apparent;   the higher detections are scattered 

widely across the pond.  The maximum detection is 250 mg/kg, in a sample from the northwest 

portion of the pond near the opening of the outlet cove.  Mercury was not detected in only 6 of 

102 samples in the database for shallow sediment.   The arithmetic mean of the 96 detections is 

28.9 mg/kg;   the geometric mean is 7.45 mg/kg (Fig. 5-22).   These measures of central tendency 

are both higher than those for shallow sediment in Grove Pond (25.8 mg/kg and 4.06mg/kg, 

respectively). 

 

For comparison, Norton (2001) reports an arithmetic average for Hg in 10 shallow-sediment grab 

samples of 18.4 mg/kg, about 36% lower than the result for the larger database considered here.   

Mercury was detected in the three samples from the two upstream reference ponds at 0.3, 0.3, 

and 0.62 mg/kg.  Based on this limited characterization of the reference ponds, it appears that Hg 

is elevated in shallow sediment in Plow Shop Pond relative to upstream areas.   

 

Mercury in deep sediment samples (>1 ft) from Plow Shop Pond is also elevated relative to 

available reference values.  26 of 78 available deep sediment analyses are non-detect.  The 

arithmetic mean of the 52 detections is 16.2 mg/kg;    the geometric mean is 2.53 mg/kg.  There 

is some suggestion that the higher concentrations of mercury in deep Plow Shop Pond sediment 

tend to be found along the western shore (Figure 5-25).  The maximum detection of Hg in deep 

sediment is 220 mg/kg, obtained for sample PSPC19 at a depth of 3.5 ft, located in Red Cove.  

Other relatively high detections in deep sediment are at PSPC15 at a depth of 1.5 ft (117 mg/kg), 

at the mouth of the northwest outlet cove, and at PSPC17 at a depth of 1.5 ft (96 mg/kg), near the 

northwest shore, south of PSPC15.   Note again that it is possible that sedimentation along the 

western shore, perhaps due to erosion of the steep slope between Shepley’s Hill Landfill and the 

pond, may have buried sediment formerly closer to the sediment – water interface.   
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5.6.2   Transport Processes 

 

Mercury occurs in three oxidation states.   Hg(0) is present either as a liquid at room temperature 

or as a gas (95% of Hg in the atmosphere is Hg
0
).   Mercury can exist in soil and water in a 

number of Hg(I) and Hg(II) species.  The dominant process controlling Hg transport appears to 

be the sorption of nonvolatile forms to particulates in soil or in the water column and subsequent 

deposition in sediments (Hurley, et al., 1991).  Mercury is transformed by biotic and abiotic 

oxidation and reduction reactions, bioconversion of inorganic and organic forms, and photolysis.  

Inorganic Hg can be methylated by aerobic and anaerobic microorganisms.  In the pH range 4-9 

and in the presence of sulfide, Hg
+2
 will precipitate as a sulfide with low solubility 

(approximately 10
-15 

to 10
-16
 micrograms per liter (ATSDR 1999)).  If pH is low and Hg 

concentrations sufficiently high, methylHg is favored, and has greater bioavailability than 

inorganic forms. 

 

5.6.3    Conceptual Model 

 

Mercury is clearly elevated in Grove Pond and Plow Shop Pond shallow sediment (geometric 

mean concentrations of ~4 and ~ 7 parts per million, respectively; maximum detections of 420 

and 250 ppm, respectively) relative to the upstream ponds (detections of a few tenths of a ppm).   

In Grove Pond, there is a clear spatial association of the higher Hg detections with the former 

tannery site in the northwest portion (Fig. 5-21).  Upstream of the tannery (i.e., in the eastern 

portion of Grove Pond), Hg detections are typically <1 mg/kg.  In the vicinity of Tannery Cove, 

concentrations rise to tens to hundreds of mg/kg.  This spatial distribution is strongly suggestive 

of a source of mercury at the historical tannery, consistent with its possible use as a fungicide in 

hide storage or use in the tanning process itself.  Mercury salts used in the leather tanning 

industry include mercuric (Hg(II)) chloride, mercury oxide (yellow), mercury oxide (red), 

ammoniated mercuric chloride, mercurous chloride calomel, and mercuric iodide. 

 

In addition to the spatial association of elevated Hg with the tannery site, it is noted that mercury 

concentrations in the sediment of both ponds are strongly correlated with chromium 

concentrations (Fig. 5-20).  Because most of the chromium present in the ponds system 

unequivocally originates at the former tannery, its association with mercury is strongly suggestive 

of an identical source.   

 

Plow Shop Pond exhibits mercury that is distributed quite ubiquitously (Fig. 5-24).  The pond is 

downstream of the tannery site via a culvert under the railroad causeway.   The geometric mean 

concentration of Hg in shallow sediment is higher (~7 mg/kg) in Plow Shop Pond than in Grove 

Pond (~4 mg/kg), and there are few non-detects in the database.  Thus, it is apparent that, once 

Hg was released to the environment from the tannery site, transport processes acted to distribute 

it relatively uniformly across Plow Shop Pond.  This is a somewhat unexpected result, as familiar 

transport processes for metals might be expected to show a “swath” of elevated Hg from the 

culvert to the outlet in the northwest cove.  If, for example, Hg were sorbed onto clastic particles 
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(e.g., on ferric oxyhydroxide grain coatings), its downstream distribution would be controlled by 

sediment transport processes.  However, it is difficult to reconcile the ubiquitous Hg in Plow 

Shop Pond with expected patterns of clastic sediment transport, particularly given that the pond 

is a very low-energy environment.  For this reason, it is speculated that organic matter in the 

ponds may have played a significant role in enhancing the mobility of mercury.   

 

Although Hg has received a great deal of attention in recent years in New England because of 

concern for the impact of atmospheric fallout from emissions from coal burning in the Midwest, 

it appears that the Hg in Grove and Plow Shop Ponds is dominated by one or more other sources.  

Kamman, et al. (2004) recently surveyed numerous lakes across Vermont and New Hampshire 

for mercury accumulation.  They found total mercury in sediment at concentrations ranging from 

0.07 to 0.62 mg/kg, with an arithmetic mean of 0.24 mg/kg, based on 129 samples.   These 

results are about two orders of magnitude lower than the concentrations observed in Grove and 

Plow Shop Ponds, suggesting that regional atmospheric deposition has contributed only a very 

small fraction of the Hg observed. 

 

5.7  Lead 

 

5.7.1  Distribution 

 

For comparison to Grove and Plow Shop Pond sediments, the following values are reported from 

the reference areas, as described above (Sec. 5.1):  

 

Reference Area Pb Concentration (mg/kg) 

Flannagan Pond 200 and 120 

Sandy Pond 280 

Spectacle Pond* 5.7 

Grove Pond* ~8 - 14 

Plow Shop Pond* ~1 - 12 

 

*Norton (2001) “background” 

 

5.7.1.1   Grove Pond 

 

The distribution of lead detections in shallow (0-1 ft) sediment samples from Grove Pond is 

shown in Figure 5-26.  Lead detections are ubiquitous across the pond, but the highest detections 

appear to cluster in the northwestern portion of the pond, known as Tannery Cove.   The 

maximum detection is 1760 mg/kg, in a sample in this area (GRD-95-31X).  The second highest 

detection is also in Tannery Cove, at 1600 mg/kg (GP15).   Lead was not detected in only 2 of 

142 samples in the database for shallow sediment.   The arithmetic mean of the 140 detections is 

271 mg/kg;   the geometric mean is 133 mg/kg (Fig. 5-27).    
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Based on a smaller sample set of ten surface grabs, Norton (2001) calculated an arithmetic mean 

of 249 mg/kg, very close to that computed for the comprehensive dataset discussed in the 

foregoing. 

 

Lead was detected in the two upstream reference samples from Flannagan Pond at 120 and 200 

mg/kg, and in the reference sample from Sandy Pond at 280 mg/kg.  Based on this limited 

comparison, it appears that lead is not greatly elevated overall in shallow Grove Pond sediment 

relative to the upstream reference ponds.  However, a number of samples in the vicinity of 

Tannery Cove show concentrations above 1000 mg/kg, approximately an order of magnitude 

higher than the upstream reference values.   

 

Sampling of deep (>1 ft) sediment in Grove Pond is relatively sparse (Figure 5-28), and Pb was 

detected in 10 of 16 samples.  Although there is a suggestion of higher detections in the Tannery 

Cove area, this conclusion is tentative because of the paucity of samples across the majority of 

the pond.  The arithmetic mean of the ten detections is 122 mg/kg;   the geometric mean is 19.3 

mg/kg.   These central-tendency estimates are strongly influenced by a few high detections in the 

Tannery Cove area, and are not representative of the pond as a whole.   The maximum 

concentration detected in deep sediment is 150 mg/kg (GRD-95-26X) at a depth of 3 ft.  The next 

highest detection is also in Tannery Cove, 28 mg/kg (GRD-95-27X) at a depth of 5 ft.  It is noted 

that the area off the former tannery site is known to have been subject to filling; “deep” (>1 ft) 

sediment was likely closer to the sediment – water interface prior to this activity.   

 

There are relatively few samples from >1 ft in Grove Pond, so it is difficult to generalize.  

However, it is noteworthy that, pond-wide, there are 38% NDs for Pb in the deeper sediment, 

while the shallow sediment showed only <2% NDs.  The very high- concentration samples in the 

deeper sediment are exclusively in the Tannery Cove area, and are believed to be due to burial of 

once-surficial sediments by material pushed into the pond during historical filling operations in 

the cove.  (The high Pb is accompanied by high Cr, which is believed to be an unequivocal 

indicator of tannery impact.)    

 

5.7.1.2   Plow Shop Pond 

 

The distribution of lead detections in shallow (0-1 ft) sediment samples from Plow Shop Pond is 

shown in Figure 5-29.  Lead detections are ubiquitous across the pond, although there appears to 

be a cluster of more elevated concentrations in the vicinity of the former Railroad Roundhouse 

on the southeast shore.  The maximum detection is 1210 mg/kg, in a sample in this area (RHD-

94-02X).  (Note that the Figure 5-29 displays a concentration of 1214 mg/kg at a location that 

falls on shore northeast of the outlet cove in the northwest portion of the pond.  This point is 

deemed suspect, and is not included in the summary statistics discussed here.)  The second 

highest detection is also immediately offshore from the former Railroad Roundhouse, at 1000 

mg/kg (SHD-94-09X).   Lead was not detected in only 9 of 108 samples in the database for 
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shallow sediment.   The arithmetic mean of the 99 detections is 188 mg/kg;   the geometric mean 

is 101 mg/kg (Fig. 5-27).    

 

Based on a smaller sample set of ten surface grabs, Norton (2001) calculated an arithmetic mean 

of 229 mg/kg, about 22% higher than the mean computed for the larger data set considered in the 

foregoing.   

 

Lead was detected in the two upstream reference samples from Flannagan Pond at 120 and 200 

mg/kg, and in the reference sample from Sandy Pond at 280 mg/kg.  Based on this limited 

comparison, it appears that lead is not greatly elevated overall in shallow Plow Shop Pond 

sediment relative to the upstream reference ponds.  However, a number of samples in the vicinity 

of the former Railroad Roundhouse show concentrations of the order of 1000 mg/kg, 

significantly higher than the upstream reference values.   

 

Sampling of deep (>1 ft) sediment in Plow Shop Pond (Fig. 5-30) is much more extensive than 

that in Grove Pond (Figure 5-n).  Lead was detected in 66 of 79 samples.  Concentrations overall 

are significantly lower than those detected in shallow Plow Shop Pond (0-1 ft) sediment.   The 

bubble map suggests that Pb concentrations in deep sediment tend to be higher along the western 

shore of the pond, similar to the observations made for cadmium (Sec. 5.4.3) and chromium (Sec. 

5.5.3).  The arithmetic mean of the 66 detections is 33.2 mg/kg;   the geometric mean is 11.4 

mg/kg.  The maximum concentration detected in deep sediment is 260 mg/kg, near the mouth of 

the outlet cove in the northwest portion of the pond (PSPC15). 

 

5.7.2   Transport Processes 

 

Lead occurs as Pb
2+
 and in a variety of Pb(II) solids (e.g., PbO, PbCO3, PbCl2, PbSO4, PbS).  

Like other metal cations, lead sorbs onto oxyhydroxides of Fe, Al, and Mn.  This gives lead a 

strong affinity for solid particulates, and limits its mobility in solution.  In an aqueous 

environment, lead will eventually precipitate as an oxide or a sulfide, depending upon local redox 

conditions.   Lead can also be biomethylated, increasing its mobility and volatility.   

 

5.7.3    Conceptual Model 

 

Lead is ubiquitous in shallow (<1 ft) sediment in both Grove and Plow Shop Ponds.  Less than 

5% of the 250 shallow sediment samples analyzed from the two ponds showed no detectable 

lead.  The geometric mean concentrations for Grove and Plow Shop Ponds are 133 mg/kg and 

101 mg/kg, respectively.  Detections of the order of 100 mg/kg are scattered widely across both 

ponds.   An area of distinctly higher lead concentrations appears to lie adjacent to the former 

tannery site in Grove Pond, with several samples showing concentrations greater than 1000 

mg/kg.   Another area of somewhat elevated Pb is in Plow Shop Pond adjacent to the former 

Railroad Roundhouse site, where concentrations in several samples are again of the order of 1000 

mg/kg.    
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Deep sediment (>1 ft) in both ponds shows a greater prevalence of non-detects for lead than does 

shallow sediment, and the arithmetic and geometric means of all lead detections in deep sediment 

are significantly lower than those for shallow sediment.   

 

Lead has been exploited historically for a number of its physical and chemical properties.   

Lead carbonate, or “white lead,” sublimed lead, and other lead compounds were at one time 

widely used paint pigments.  It is not known whether or not any historical industries around the 

ponds (e.g., the Nashoba Mordant and Dye Company) manufactured or handled lead-containing 

pigments.   Note that there is no indication in the spatial distribution of lead detected in sediment 

that a significant source was or is present in the industrial area on the north shore of Plow Shop 

Pond.   Lead compounds (e.g., Pb-sulfate and Pb-stearate) are used as stabilizers in plastics, 

particularly those used for electrical insulation.  Soluble salts of lead (e.g., nitrates, acetates) have 

been used as insecticides.   Lead arsenate was a widely used pesticide from the late 19
th
 century 

through the first half of the 20
th
 century.   This pesticide was applied heavily in apple orchards, 

which cover significant acreage within the drainage basin for the ponds.  However, due to its 

relative immobility once adsorbed onto soil particles, there is little evidence that significant 

quantities of lead were transported from fruit-growing areas to the ponds.   Lead anti-knock 

compounds were added to motor fuels starting in the 1920s, and their use in the United States 

peaked in the 1970s, when the advent of the catalytic converter and environmental concerns for 

lead emissions resulted in their phase-out.  During the period of leaded gasoline use, large 

quantities of lead were released to the atmosphere in vehicle exhaust, spread widely by air 

circulation, and ultimately deposited to soil and surface water.   Particulates washed into surface 

water through soil erosion and storm water runoff added further to lead accumulation in 

sediment.   

 

The ubiquitous concentrations of lead of the order of 100 mg/kg found across both Grove and 

Plow Shop Ponds can likely be ascribed to atmospheric deposition and deposition from 

stormwater runoff from developed areas.   Analyses on three samples collected from the 

upstream reference ponds, which were not subject to the industrial activities prevalent around 

Grove and Plow Shop Ponds, yielded concentrations in the same range as the arithmetic and 

geometric means for shallow sediment from the latter, 100 to 300 mg/kg.  Elevated Pb at 

concentrations of the order of 1000 mg/kg in the vicinity of the former tannery site suggests that 

lead arsenate pesticides likely were used in historic tannery operations.  This is further supported 

by the association of the high lead concentrations in this area with correspondingly high arsenic 

(presumably from the pesticide compounds) and chromium (believed to be a reliable “tracer” for 

tannery impacts).   Elevated lead, again at concentrations of the order of 1000 mg/kg, found 

adjacent to the former Railroad Roundhouse site may be derived from babbitt, a Pb alloy used to 

manufacture journal bearings for railroad cars.  Babbitt formulated for this application is 

typically composed of lead, antimony, tin, and copper.  Speculation that babbitt was handled on 

the site is supported by results from the Railroad Roundhouse Supplemental Site Investigation 

that found elevated levels of Sb (maximum 1400 mg/kg), Cu (maximum 6900 mg/kg), Pb 
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(maximum 7100 mg/kg), and Sn (maximum 140 mg/kg) in onshore soil, interpreted to be 

“maintenance by-products” (ABB, 1995).   Because antimony and tin are not on the 

standard Target Analyte List for sediment, correlations between sediment Pb and Sb or 

Sn cannot be sought to test this hypothesis.  However, a strong correlation between Cu 

and Pb is found for sediment samples collected in Plow Shop Pond adjacent to the 

Railroad Roundhouse (Fig. 5-31).   

 

In summary, the majority of the lead detections in shallow (0-1 ft) sediment in both 

ponds, typically of the order of 100 mg/kg, are likely due to ubiquitous atmospheric 

deposition and stormwater runoff, with the ultimate source being emissions from leaded 

fuels.  This source has diminished sharply in the past 20 years due to the phase-out of 

leaded gasoline.  Lead is further elevated in the northwest portion of Grove Pond, where 

concentrations of the order of 1000 mg/kg can likely be ascribed to the waste stream from 

the historic tannery, which appears to have applied lead arsenate pesticides.  Similarly, 

lead is locally elevated in sediment adjacent to the former Railroad Roundhouse, where 

maintenance activities yielded metallic debris.  Lead was detected in deep (>1 ft) 

sediment along the southern and western shores of Plow Shop Pond.  As noted in the 

discussions of Cd (Sec. 5.4.3) and Cr (Sec. 5.5.3), this pattern may be a consequence of 

more rapid sedimentation along these portions of the shoreline due to steep slopes and 

exposed soils.   Under these circumstances, sediment that was shallow (0-1 ft) in the later 

half of the 20
th
 century may now be categorized as “deep” (>1 ft).    

 

5.8  Manganese 

 

Although there has been no suggestion that Mn represents anthropogenic inputs to the 

ponds, a brief overview of its occurrence in sediment is given here for completeness.    

The discussion is based on sediment sampling and analyses performed by EPA in 2004 

and 2005 only.    

 

5.8.1  Distribution 

 

The following table summarizes sediment analyses for manganse available as reference 

values (Sec. 5.1) to which to compare results from Grove and Plow Shop Ponds.   

 

Reference Area Mn Concentration (mg/kg) 

Flannagan Pond 460 and 690 

Sandy Pond 980 

Spectacle Pond* 380 

Grove Pond* ~220 - 825 

Plow Shop Pond* ~290 - 942 

 

*Norton (2001) “background” 
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Manganese was detected in all EPA 2004/2005 sediment samples.   Results for shallow (0-1 ft) 

Grove Pond sediment range from 70 to 1800 mg/kg, with a geometric mean of 818 mg/kg.   

Shallow (0-1 ft) Plow Shop Pond results are notably higher, in the range 130 to 34,000 mg/kg, 

and with a geometric mean of 1410 mg/kg.   Deep (>1 ft) Plow Shop Pond sediment exhibits 

lower Mn concentrations than does the shallow sediment, ranging from 31 to 4500 mg/kg, with a 

geometric mean of 475 mg/kg.   The geometric mean Mn concentrations observed for shallow (0-

1 ft) Grove Pond and deep (>1 ft) Plow Shop Pond are comparable to the reference 

concentrations cited in the above table.  The geometric mean for shallow (0-1 ft) Plow Shop 

Pond sediment (1410 mg/kg) is higher than the reference values.    

 

5.8.2  Transport Processes 

 

Manganese is a commonly occurring element in the earth’s crust, with an average concentration 

of 950 mg/kg (Krauskopf, 1967).  In solution, manganese behavior is generally similar to that of 

iron.  Aqueous species contain Mn in the +2, +3, and +4 oxidation states and, like iron, Mn may 

precipitate as oxide, sulfide, and carbonate solid phases.  At pH values between 4 and 9, the 

range found in most natural waters, Mn requires a higher oxidation potential than Fe to oxidize 

Mn
+2
 to Mn

+4
, and the kinetics of abiotic Mn oxidation are generally much slower than for Fe 

(Stumm and Morgan, 1996). 

 

Although not as toxic as the other elements of interest in this study, manganese may cause 

unpleasant taste and odor in drinking water, and may clog pipes through formation of scale 

precipitated by Mn-oxidizing bacteria. 

 

5.8.3  Conceptual Model 

 

The high concentrations of Mn in shallow sediment in Plow Shop Pond are predominantly in the 

southwestern portion.  The maximum detected (34,000 mg/kg) is in Red Cove, and a sequence of 

near-shore sediment samples collected by EPA along the western margin of the pond shows a 

systematic decrease in Mn to the north, reaching 240 mg/kg near the outlet weir.   This pattern 

mimics closely the distribution of iron and arsenic concentrations in Plow Shop Pond sediment, 

suggesting that similar processes control the distribution.  It is known that groundwater 

approaching Red Cove shows relatively high concentrations of manganese.  EPA profile 

sampling of groundwater in two direct-push borings adjacent to Red Cove conducted in July 

2004 yielded Mn concentrations in filtered samples from 0.39 to 6.2 mg/L, with an arithmetic 

mean of 1.8 mg/L (see table, sec. 5.10.3).   Dissolved iron in the same samples was also elevated, 

with a mean concentration of 34 mg/L.   ORP reported for these samples falls in a relatively 

narrow range, from -134 to -78 mV.  It is concluded that the relatively high Mn concentrations 

detected in sediments in the southwestern portion of Plow Shop Pond have accumulated from 

low-ORP, high-Fe, high-Mn groundwater that discharges to the surface water in this area, in a 

process similar to that controlling arsenic (cf, Sec. 5.3.3).    
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5.9  Vanadium 

 

The human-health risk assessment (sec. 6.0;  Appendix C) identifies vanadium in fish tissue in 

Plow Shop Pond and as a risk driver (i.e., Hazard Quotient greater than one).   Although there 

has been no suggestion that this element represents anthropogenic inputs to the ponds, a brief 

overview of its occurrence in sediment is given here for completeness.   The discussion is based 

on sediment sampling and analyses performed by EPA in 2004 and 2005 only.    

 

5.9.1  Distribution 

 

The following table summarizes sediment analyses for vanadium available as reference values 

(Sec. 5.1) to which to compare results from Grove and Plow Shop Ponds.   

 

Reference Area V Concentration (mg/kg) 

Flannagan Pond 39 and 21 

Sandy Pond 49 

Spectacle Pond* not analyzed  

Grove Pond* not analyzed 

Plow Shop Pond* not analyzed 

 

*Norton (2001) “background” 

 

Vanadium was detected in 17 of 17 shallow (0-1 ft) sediment samples from Grove Pond analyzed 

by EPA in 2004/2005.  Concentrations range from 22 to 140 mg/kg, with a geometric mean of 

57.3 mg/kg.   Three reference samples collected in upstream Flannagan and Sandy Ponds showed 

V in the range 21 to 49 mg/kg, indicating no evidence of a source or sources local to Grove Pond.    

Similarly, vanadium was detected in 15 of 20 shallow sediment samples collected by EPA in 

Plow Shop Pond, ranging from 7.1 to 80 mg/kg, with a geometric mean of 31.8 mg/kg.   Again, 

the similarities in concentrations detected in the upstream ponds, Grove Pond, and Plow Shop 

Pond suggest no local inputs.    Deep (>1 ft) sediment from Plow Shop Pond exhibited detectable 

V in 20 of 24 samples, in the range 3.2 to 51 mg/kg, with a geometric mean of 11.2 mg/kg.    

There are no readily available reference values for V in deep sediment for comparison.   

 

5.9.2  Transport Processes 

 

The aqueous speciation of vanadium is dependent on both pH and ORP. Under oxidizing 

conditions and at near-neutral pH, the most abundant species are those of V(V), VO2(OH)2
-
 and 

H2VO4
-
.  At lower pH and/or under more reducing conditions, concentrations of other, 

positively-charged, vanadium species increase and are either approximately equal to, or exceed, 

those of V(V).  These include V(III) as V(OH)2
+
, and V(IV) as VOOH

+
 and VO

+2
.  Because 

vanadium may be present in sediment pore waters in nearly equal proportions as positively- and 
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negatively-charged species, it may bind to both negatively- and positively-charged sites on 

hydrous ferric oxide surfaces.  

 

Vanadium is naturally occurring, at an average concentration of 135 mg/kg in the earth’s crust 

(Krauskopf, 1967).  This element is used in the production of steel and other metal alloys, and in 

small amounts in manufacture of plastics, ceramics, and rubber.  In addition to V mobilized in 

the environment by surficial weathering processes, V is also released into the atmosphere by 

combustion of fuel oil and coal. 

 

5.9.3  Conceptual Model 

 

There are no indications in the limited vanadium data reviewed (i.e., EPA 2004/2005 analyses 

only) of local sources to the ponds.  Observed geometric means are comparable to reference 

values obtained from upstream ponds not impacted by historical activities surrounding Grove and 

Plow Shop Ponds.  It is likely that most of the vanadium mass found in pond sediment is of 

natural origin, and is present at concentrations reflecting regional lithologies and long-term 

geological and geochemical transport processes.   

 

5.10  Groundwater Hydrology  

 

This section addresses briefly the interaction of the ponds with adjacent groundwater.   This 

aspect of the hydrology of the system is of particular importance with respect to arsenic detected 

in pond sediment, which is interpreted to have accumulated primarily from discharging 

groundwater (see sec. 5.3.3).    

Available data to constrain the groundwater hydrology on the scale of Grove and Plow Shop 

Ponds and the surrounding watershed are limited.   The present discussion is restricted to two 

portions of the system that have been characterized in greater detail.  The first is the area in the 

vicinity of the Town of Ayer water supply wells on the southeast shore of Grove Pond.  This area 

was studied to evaluate the source of arsenic detected in raw (untreated) water produced at the 

supply wells (Gannett Fleming, 2002).  The second area for which there are extensive 

hydrological data is the domain west of Plow Shop Pond, in the vicinity of Shepley’s Hill 

Landfill (SHL).   Groundwater associated with SHL is characterized periodically under a Long-

Term Monitoring Plan (Stone and Webster, 1996), and under the Performance Monitoring Plan 

for the SHL extraction, treatment, and discharge (ETD) system (CH2MHill, 2005).   In addition, 

EPA collected water-level data for an expanded suite of wells in the SHL area in November 

2004.   Finally, EPA and Gannett Fleming mapped near-shore shallow sediment temperatures 

along the southern and western shoreline of Plow Shop Pond in March 2004 and April 2005.   

 

5.10.1  Grove Pond / Town of Ayer Wellfield  

   

A Zone II (i.e., the domain contributing to production under extended drought conditions) 

delineation was conducted for the Town of Ayer Grove Pond wellfield in 1992 (CDM, 1993).  
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Water levels were recorded regionally both before and during a pumping test at the supply wells.  

The interpreted groundwater potential surface indicated flow under ambient conditions (no 

pumping) converging on the eastern portion of the pond from the south, east, and north.   The 

interpreted water levels under pumping conditions suggested relatively local drawdown, with a 

significant component of the production coming from induced infiltration from Grove Pond.   

More detailed characterization of the hydrostratigraphy in the neighborhood of the supply wells 

(Gannett Fleming, 2002) showed that interaction of the wells with the surface water is inhibited 

by relatively low-conductivity material overlying the screened interval.   For this reason, it was 

concluded that the capture zone for the supply wells extends farther beneath the pond than 

inferred in the 1992 Zone II study, and induced infiltration is weak.  It is likely that a significant 

fraction of the deeper groundwater flow that converges on the eastern portion of Grove Pond 

joins a regional subsurface flow toward the WNW, generally following the surface water 

drainage from Grove Pond to Plow Shop Pond to Nonacoicus Brook to the Nashua River.    

 

Little is known about groundwater – surface water interaction around the majority of the Grove 

Pond perimeter.   It is likely that shallow groundwater discharges to the pond, particularly in the 

eastern (upgradient) portion.   The areas in proximity to the Ayer and Devens wellfields on the 

south shore are exceptions.   Weak induced recharge was found immediately offshore of the Ayer 

wells when pumping (Gannett Fleming, 2002), and it is likely that the same occurs adjacent to 

the Devens Grove Pond wellfield.  In the western (downgradient) portion of the pond, it is 

possible that the surface water recharges groundwater, which generally flows to the west and/or 

northwest.    

 

5.10.2 Plow Shop Pond     

 

Groundwater elevations have been characterized more extensively adjacent to Plow Shop Pond 

than for areas surrounding Grove Pond because of monitoring associated with Shepley’s Hill 

Landfill (SHL).  The landfill lies to the west and southwest of Plow Shop Pond, and monitoring 

well coverage is extensive.  EPA performed a synoptic round of water-level gauging on 

November 15, 2004, in a large suite of wells along the western and southwestern shore of the 

pond, as well as in wells farther to the south, west, and northwest.  Figure 5-32 shows an 

interpreted potential surface based on the data collected from shallow overburden wells.  

Reference elevations were adopted from CH2MHill’s survey of existing and new wells 

(CH2MHill, 2006).  Water levels in three wells (SHP-99-29X, SHM-93-01A, and SHL-10) were 

referenced to older survey results available through the Army GIS database.  

 

An important feature characterizing the interaction of groundwater with Plow Shop Pond is the 

point where the 217 ft msl groundwater contour intersects the shore immediately north of the 

southwestern embayment known as Red Cove.   The surface water elevation was not measured at 

the time of the November 2004 groundwater gauging event.  However, a staff gauge was 

installed subsequently near the outlet dam, and has shown very stable pond elevations in six 

rounds of data collection in August and September 2005 and in March 2006 (CH2MHill, 2005, 
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2006).  The surface water elevation in these six events varied from 217.0 to 217.2 ft msl, 

indicating that the weir imposes strong control on the pond level.  It is therefore reasonable to 

assume that the surface elevation of Plow Shop Pond was approximately 217 ft msl at the time of 

the November 2004 groundwater gauging event.   The point at which the 217 ft msl groundwater 

equipotential intersects the pond shoreline is then interpreted as the “hinge” for the pond.   

Groundwater levels to the south of this point are higher than the surface water, and groundwater 

discharges to the pond.  Groundwater levels to the north of this point are lower than the pond 

level, and surface water recharges groundwater.   Performance monitoring data for the SHL ETD 

system (CH2MHill, 2005, 2006) confirm that the hinge was in the vicinity of piezometer N2-P2 

in August and September 2005.  However, the hinge appears to have shifted somewhat to the 

north, in the vicinity of SHP-01-37X, in March 2006, perhaps due to seasonally elevated 

groundwater levels in spring.   

 

Independent evidence for the zone of groundwater discharge to the south and southwest shore of 

Plow Shop Pond is found in nearshore temperature data.   In winter and spring, the surface water 

is colder than adjacent shallow groundwater.  Where relatively warm groundwater discharges to 

the pond, the sediment temperature is elevated relative to the surface water.  On March 8, 2004, 

Gannett Fleming personnel walked the shore of Plow Shop Pond, observed the distribution of 

surface ice and open water, and measured sediment temperatures with a thermocouple probe 

where possible.  Most of the pond retained thick ice cover at this time, but intermittent patches of 

open water up to several feet wide perpendicular to the shore and up to tens of feet long parallel 

to shore were observed.  In the two prominent coves on the south and southwest shore, large 

areas of water were open.  Many of these open patches showed accumulations of reddish orange 

flocculant, interpreted to be hydrous ferric oxide precipitated from reducing groundwater that 

discharges to the oxidizing surface water environment.    

 

Figure 5-33 shows temperatures measured at 1 ft depth below the water-sediment interface in 

March 2004; locations are approximate.   Sediment temperatures were recorded in the range 1.8 

to 10.3 °C.  Temperatures varied systematically near the two coves, increasing from the outer 

(pondward) opening toward the inner (landward) end.  The maximum temperature reached in the 

southern cove (west of the Railroad Roundhouse site) was 10.3 °C; that in Red Cove was 8.5 °C.   

This pattern is consistent with the focusing of groundwater discharge due to refraction of 

flowlines approaching the coves.   At locations where the thermocouple probe could be inserted 

to greater depth, temperatures were consistently higher with depth.  In addition, where the 

temperatures at 1 ft bgs were highest (e.g., at the end of the southern cove), the vertical variation 

in temperature was smallest.  These observations are again consistent with discharge of relatively 

warm groundwater to the pond, with the warmest sediment temperatures corresponding to loci of 

maximum advective heat transport.   Northward of the northernmost point shown on Figure 5-33, 

the ice was in contact with the shore, and no patches of open water were observed.  This change 

in conditions north of Red Cove is consistent with the location of the hinge interpreted from the 

adjacent groundwater levels (Figure 5-32).  North of the northernmost observed patch of open 
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water, cold pond water recharges groundwater, and the nearshore surface temperature remains at 

or below freezing.   

 

EPA collected similar data in April 2005 (Figure 5-34).   At that time, the entire pond was free of 

ice.   Temperatures at 1 ft below the water-sediment interface were recorded with the 

thermocouple probe, and sample locations were recorded with a hand-held GPS unit.  Data were 

recorded along the shoreline from a point north of Red Cove to the outlet weir.  The data show a 

gradient from temperatures around 16 °C north of Red Cove to about 13 °C approaching the 

outlet.   This observation is consistent with increasing recharge by surface water from south to 

north.  The vertical hydraulic gradient increases in magnitude from zero at the hinge to a 

maximum near the outlet weir, and the flux of cold surface water under winter/spring conditions 

correspondingly increases from south to north.  

  

5.10.3  Arsenic Flux to Red Cove   

 

The hydraulic data discussed in the foregoing paragraphs indicate that shallow groundwater 

discharges to Red Cove.   Arsenic concentrations are very high in shallow (0-1 ft) sediment in 

this area, with a maximum observed of 6800 mg/kg.   It is of interest to estimate the total arsenic 

mass flux to Red Cove in groundwater to compare to the observed mass presently sequestered in 

sediment.    

 

The observed head change from SHP-01-38A (217.5 ft msl) to the pond (217.1 ft msl) on August 

1, 2005 (CH2MHill, 2006) was 0.4 ft (0.12 m).  The distance from that monitoring well to the 

pond shore is approximately 50 ft (15 m), giving a horizontal gradient of 0.008.  CH2MHill 

(2006) estimated the hydraulic conductivity of the fine sands in the neighborhood of the 

extraction wells to be 45 ft/d (14 m/d), the average of two determinations.  This is in agreement 

with the overburden conductivity assigned in a calibrated numerical model by Harding (2003).  

These values give a groundwater flux (“Darcy velocity”) of q = 0.36 ft/d (0.11 m/d).   

 

EPA profiled groundwater chemistry in two direct-push borings flanking Red Cove in July 2004.  

One boring was sampled from 3 to 23.5 ft bgs, a section 20.5 ft (6.2 m) thick;  the second was 

sampled from 4 to 37 ft bgs, a section 33 ft (10 m) thick.  The average overburden thickness 

profiled was 27 ft (8.2 m).   The perimeter of Red Cove is approximately 400 ft (120 m).   The 

cross-sectional area across which overburden groundwater approaches the cove is then A = 

11,000 ft
2
 (990 m

2
).  The total volume flow rate to the cove is Q = q x A = 3800 ft

3
/d (110 m

3
/d 

= 1.1x10
5
 L/d).  Twelve groundwater samples were collected across these two sections;   the 

geometric mean (filtered) arsenic concentration detected was c = 0.43 mg/L.  The total mass flux 

to the cove is then estimated to be J = Q x c  =  4.7x10
4
 mg/d = 17 kg/yr. 

A simple test can be carried out to determine whether or not the foregoing estimate of the total 

arsenic mass flux to Red Cove reconciles with the concentrations of arsenic observed in 

sediment.   The cove is roughly 100 ft by 200 ft in areal extent, i.e., covering about 2.0x10
4 
ft
2
 

(1.9x10
3 
m

2
).    If most of the arsenic brought to the surface by discharging groundwater 
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accumulates in the uppermost 1 ft (0.30 m) of sediment, the corresponding volume of sediment is 

2.0x10
4 
ft
3
 (570

 
m

3
).   Assume that the (dry) bulk density of the sediment is 1800 kg/m

3
, giving a 

total sediment mass of 1.0x10
6 
kg.   According to the estimate for the total mass flux in the 

previous paragraph, over a period of 100 years, about 1700 kg of arsenic would be discharged to 

Red Cove.  Averaged over the total shallow (<1 ft) sediment mass, this yields a concentration of 

1700 mg/kg, which is typical of the observed concentrations in this area.   Analytical results for 

the twelve shallow sediment samples in Red cove shown in Figure 5-4 show As concentrations 

ranging from 310 to 6800 mg/kg, with a geometric mean of 1400 mg/kg.     

 

It is emphasized that the foregoing is only an order-of-magnitude argument.  It involves 

numerous assumptions and estimates of many parameters, resulting in considerable uncertainty.  

Nevertheless, the order-of-magnitude agreement between the estimated arsenic mass available 

from groundwater and the observed arsenic mass in sediment supports the plausibility of the 

proposed mechanism of accumulation.    

 

It has been suggested that arsenic mobility is controlled by iron (sec. 5.3.3), in which case it 

might be expected that iron concentrations in Red Cove sediment and in adjacent groundwater 

are related in a fashion similar to that discussed in the foregoing paragraphs for arsenic.    This 

can be tested readily by rescaling the calculation.  The ratio of the geometric mean Fe 

concentration to the geometric mean As concentration for the ten (filtered) groundwater samples 

collected from the EPA direct-push borings is 70 (see table below).  Therefore, the expected iron 

concentration in Red Cove sediment, under the same assumptions made for the arsenic 

calculation, is 70 x 1700 = 120,000 mg/kg.   Observed iron concentrations in eleven Red Cove 

sediment samples (Fig. 5-4;  PS2 was not analyzed for Fe) range from 25,500 to 410,000 mg/kg, 

with a geometric mean of 130,000 mg/kg.  Therefore, the mass of iron present in Red Cove 

sediment is consistent in an order-of-magnitude sense with the cumulative flux of dissolved iron 

in discharging groundwater over a time scale of the order of 100 years.   

 

It has also been proposed (sec. 5.8.3) that manganese accumulates in sediment from reducing 

groundwater that discharges to Red Cove.   Again, an order-of-magnitude test is possible by 

estimating the mass flux of manganese in groundwater to the cove, and comparing to the mass 

present in shallow sediment.   The ratio of geometric mean Mn to geometric mean As from the 

ten (filtered) direct-push groundwater samples is 3.0 (see table below).   The expected manganese 

concentration in sediment is then 3.0 x 1700 = 5100 mg/kg.  For comparison, the observed Mn 

concentrations in four shallow sediment samples collected in Red Cove by EPA in 2004/2005 

(PSP06, PSPC13, PSPC14, and PSPC19) range from 1500 to 34,000 mg/kg, with a geometric 

mean of 4000 mg/kg.  This agreement supports the conclusion that manganese, like iron and 

arsenic, accumulates in Red Cove sediment from discharging groundwater.   The reducing 

groundwater encounters more oxidizing conditions as it approaches the sediment/water interface, 

and the iron and manganese precipitate to solid phases.   
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In principle, a similar test could be made for accumulation of other trace metals, including Cd, 

Cr, Pb, and V, whose mobility in groundwater also is strongly influenced by iron.  This would 

provide an estimate of possible accumulation from groundwater to compare to sediment 

concentrations.  In the cases of Cd, Cr, and Pb, it is concluded in the foregoing sections that 

much of the mass present is likely due to anthropogenic inputs from historical activities 

surrounding the ponds.  These conclusions would be supported by a determination that 

accumulation of Cd, Cr, and Pb from discharging groundwater yields sediment concentrations 

much lower than observed.  In practice, this calculation cannot be carried out, because all 

analyses for Cd and Pb performed on filtered samples from the direct-push groundwater profiling 

at Red Cove failed to detect these elements at a detection limit of 0.2 µg/L.   Chromium was 

detected in one of ten filtered samples at 0.52 g/L, just above the detection limit of 0.5 µg/L.  

Vanadium was not detected in filtered groundwater samples from the direct-push borings.   
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Analytical results for groundwater sampled from direct-push borings, Red Cove 

 
interval As As (F) Fe Fe (F) Mn Mn (F)

unfiltered filtered unfiltered filtered unfiltered filtered

ft bgs µg/L µg/L µg/L µg/L µg/L µg/L

boring RC1

3-5 260 270 33000 37000 650 740

8-10 650 NA 23000 NA 450 NA

13-15 740 NA 26000 NA 520 NA

18-20 650 690 23000 20000 1000 970

21.5-23.5 580 630 17000 19000 1700 2400

boring RC2

4-6 130 140 15000 19000 940 1200

9-11 600 650 45000 72000 1400 2200

14-16 370 390 51000 55000 970 660

19-21 270 310 32000 37000 490 540

24-26 330 370 28000 31000 380 390

30-32 550 710 34000 30000 2400 2700

35-37 530 610 21000 16000 5400 6200

arith. mean 470 480 29000 34000 1400 1800

geom. mean 430 430 27000 30000 980 1300  
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6.0 HUMAN HEALTH RISK ASSESSMENT 

 

A Human Health Risk Assessment (HHRA) has been performed and is included as 

Appendix C.  This section of this ESI report contains a summary of the human health risk 

assessment for Grove and Plow Shop Ponds.  The objective of the HHRA is to provide a 

quantitative estimate of risk posed to humans potentially exposed to Grove Pond and 

Plow Shop Pond.  To assess potential public health risks, three major aspects of chemical 

contamination and exposure must be considered: 1) the presence of chemicals with toxic 

characteristics; 2) the existence of pathways by which human receptors may contact site-

related chemicals; and 3) the presence of human receptors.  The absence of any of these 

three aspects would result in an incomplete exposure pathway and an absence of 

quantifiable risk. 

 

The HHRA consists of five major components: Hazard Identification, Exposure 

Assessment, Dose-Response Assessment, Risk Characterization and Uncertainty 

Analysis.   Tables 5-1 and 5-2 and Appendix C of the HHRA present summaries of the 

cancer risks and noncancer hazard indices which exceeded EPA acceptance criteria for 

each receptor evaluated in the risk assessment.  These tables identify the chemicals which 

are driving the risks and present the hazard indices segregated by target organ. Section 

6.0 of the HHRA presents the uncertainties associated with the risk evaluations and 

presents rationale for consideration in determining the chemicals of concern for this site 

which may require further evaluation and action. 

 

6.1 Human Health Risk Assessment Conclusions 

 

Grove Pond 

 

The human health risk assessment evaluated risks to four receptors: a recreational adult, 

recreational child, subsistence angler adult and subsistence angler child.  Media 

considered in the recreational receptor evaluations included sediment, surface water and 

fish tissue.  The only medium used in the evaluation of risks to the subsistence angler 

receptors was fish tissue.  For Grove Pond, the carcinogenic risk threshold of 1E-4 was 

equaled for the recreational adult and recreational child.  This threshold was exceeded for 

the subsistence angler adult.  Carcinogenic risk for the subsistence angler child was found 

to be between 1E-5 and 1E-4.  The non-cancer Hazard Index (HI) risk threshold of one 

(1) was exceeded for all receptors. 

 

Carcinogenic risk drivers, defined as chemicals with risks in excess of 1E-6, for the 

recreational receptors included arsenic (surface water and sediment), PAHs (sediment), 

phthalates (surface water) and PCBs (fish tissue).  Noncarcinogenic risk drivers, defined 

as chemicals with hazard quotients (HQs) in excess of one (1), for the recreational 

receptors included arsenic (sediment), mercury (fish tissue),  and PCBs (fish tissue).   
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Carcinogenic risk drivers for the subsistence angler included PCBs, DDD and DDE.  

Noncarcinogenic risk drivers included mercury and PCBs. 

 

Risk thresholds from potential exposure to lead found in environmental media were not 

exceeded for recreational adults or children but were exceeded for the subsistence angler 

child receptor. 

 

Plow Shop Pond 

 

Human health risk assessment results for Plow Shop Pond were similar to those from 

Grove Pond. For Plow Shop Pond, the carcinogenic risk threshold of 1E-4 was exceeded 

for the recreational adult and recreational child.  This threshold was equaled for the 

subsistence angler adult.  Carcinogenic risk for the subsistence angler child was found to 

be between 1E-5 and 1E-4.  The non-cancer Hazard Index (HI) risk threshold of one (1) 

was exceeded for all receptors. 

 

Carcinogenic risk drivers for the recreational receptors included arsenic (surface 

water, sediment and fish tissue), PAHs (sediment) and PCBs (fish tissue).  

Noncarcinogenic risk drivers, defined as chemicals with hazard quotients (HQs) 

in excess of one (1), for the recreational receptors included arsenic (sediment, 

surface water), chromium (sediment), and mercury (fish tissue). 

 

Carcinogenic risk drivers for the subsistence angler included arsenic and DDD.  

Noncarcinogenic risk drivers included mercury and vanadium. 

 

Risk thresholds from potential exposure to lead found in environmental media were not 

exceeded for recreational adults or children. Lead was not a chemical of potential concern 

in fish tissue from Plow Shop Pond. 

 

Evaluation of Results 

 

This section compares human health risk results to the findings of the fate and 

transport/environmental chemistry evaluation performed for this study.  Of this risk 

drivers identified in the human health risk assessment, the metals arsenic, chromium, 

mercury and lead appear to be related to identifiable sources within Grove and Plow Shop 

Ponds including area-wide groundwater for arsenic.  Vanadium has not been identified as 

a metal with clear Pond-related sources.  Possibly, elevated levels of these metal, and 

associated risks, occur as a result of mobilization of naturally occurring metals by 

reduced groundwater that enters the ponds from the direction of Shepley’s Hill Landfill 

or other areas. 

 

Organic constituents identified as risk drivers include PAHs, PCBs and DDT breakdown 

products.  While these chemicals are clearly anthropogenically-related, multiple sources 

for these chemicals appear applicable.  Sources may have included upstream 

contamination, stormwater runoff, atmospheric deposition as well as contributions from 

the former tannery and railroad 
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roundhouse located on the shores of these ponds.  Currently, it is not possible to clearly attribute 

the contribution levels of these sources to the concentrations observed.  However, it does not 

appear that groundwater is a contributor of organic constituents to the Ponds. 
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7.0    ECOLIGICAL RISK ASSESSMENT 

 

A Baseline Ecological Risk Assessment (BERA) has been performed and is included in 

Appendix D.  This section of this ESI report contains a summary of the BERA which was 

conducted to provide a quantitative estimate of risk posed to ecological receptors potentially 

exposed to Grove Pond and Plow Shop Pond media.  This BERA, which incorporates data from 

1991 to 2005 collected through several different investigations in the ponds, was conducted to 

support the ESI. 

 

The conceptual site model (CSM) for Grove Pond and Plow Shop Pond identifies exposure 

pathways from chemicals in pond sediment, surface water, and biota to aquatic organisms and 

semi-aquatic wildlife foraging in the pond.  Assessment and measurement endpoints were 

selected based on the CSM.  Assessment endpoints represent the ecological resources in the 

ponds that are to be protected.  Measurement endpoints represent measurable ecological 

characteristics that are evaluated to determine if the assessment endpoints are met. 

 

The assessment endpoints for the receptor groups in the ponds are as follows: 

 

• Protection of the long-term health of water column invertebrate populations sublethal and 

lethal acute toxic effects of chemicals in surface water. 

 

• Protection of benthic macroinvertebrate communities from sublethal and lethal acute 

toxic effects of chemicals in sediments. 

 

• Protection of the long-term health of local fish populations from sublethal and lethal toxic 

effects of chemicals in surface waters. 

 

• Protection of omnivorous mammals and birds, piscivorous mammals and birds, and 

insectivorous birds foraging in the pond, to insure that ingestion of chemicals in food 

items, sediment, and surface water does not have a negative impact on growth, survival, 

and reproduction. 

 

The measurement endpoints used in this BERA to determine risk are the following: 
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• Comparison of surface water and sediment concentration data to literature 

benchmarks protective of aquatic biota. 

 

• Surface water chronic toxicity testing using sensitive freshwater invertebrate and fish 

species. 

 

• Sediment toxicity testing using sensitive invertebrate species. 

 

• Comparison of aquatic invertebrate and fish tissue residue levels against literature 

Critical Body Residues (CBRs). 

 

• Food chain modeling to estimate a daily intake for wildlife receptors foraging in the 

ponds; compared the daily intake with literature toxicity reference values (TRV) to 

calculate a hazard quotient (HQ). 

 

A Weight of Evidence (WOE) approach was used to interpret the various findings of the 

risk assessment.  A WOE score was given to each measurement endpoint “low-medium” 

to “high”, depending on the strength of the link between the measurement endpoint and 

its associated assessment endpoint.  The WOE score was evaluated along with the 

estimation of risk for each assessment endpoint in a risk integration step.  This risk 

integration step allowed a determination of the potential for and significance of risk to the 

various assessment endpoints. 

 

Exposure units are defined in ecological risk assessment to provide an estimate of the 

area of exposure for a given ecological receptor and to determine how to organize the 

analytical data.  The exposure units for this BERA were 1) Grove Pond, 2) Plow Shop 

Pond, and 3) Flannagan Pond, the reference site. 

 

The HQ method was used to determine risk for ecological receptors foraging in the 

ponds.  An HQ was calculated for each chemical of potential concern (COPC) by 

dividing an estimated or measured exposure or dose by a corresponding benchmark or 

toxicity value. Hazard quotients were determined for benchmarks comparisons, CBR 

comparisons, and food chain modeling.  The HQ method was not used to determine risk 

in toxicity tests, however, which relied on statistical analyses instead.    

 

Where applicable, potential risk to ecological receptors was determined for the 

background EU, using the same methods used to determine risk to Grove Pond and Plow 

Shop Pond receptors.  A residual risk (RR) was calculated by dividing the site HQ by the 

background HQ.  If the RR was greater than one, risk for a given COPC could not be 

attributed to background conditions. 
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7.1 RISK FINDINGS 

 

The results of the risk characterization are summarized in Table 7-1 (Grove Pond) and 

Table 7-2 (Plow Shop Pond). 

 

TABLE 7-1  Summary of Ecological Risks for Grove Pond 

 

 

Measurement Endpoints (Lines of Evidence) 

 

Published 

Benchmarks 

 

Laboratory 

Toxicity 

Testing 

 

Tissue 

Residue 

Analyses 

 

Food Chain 

Modeling 

 

Target 

Receptor 

Group 

 

 

 

  

WOE 

 

Risk 

 

WOE 

 

Risk 

 

WOE 

 

Risk 

 

WOE 

 

Risk 

 

Integrated Risk 

Interpretation 

 

 

 

water column 

invertebrates 

L-M L M N  ND  ND Low risk; no 

unacceptable risk. 

Fish L-M L M N M-H L  ND Low risk; no 

unacceptable risk. 

benthic 

invertebrates 

L-M H M-H M M-H L  ND Medium risk; 

unacceptable risk. 

omnivorous 

mammals 

 ND  ND  ND M-H N No unacceptable risk 

piscivorous  

mammals 

 ND  ND  ND M-H N No unacceptable 

risk. 

carnivorous 

birds 

 ND  ND  ND M-H M Medium risk  

piscivorous 

birds 

 ND  ND  ND M-H N No unacceptable 

risk. 

insectivorous 

birds 

 ND  ND  ND M-H M Medium risk; 

Unacceptable risk 

unlikely. 

Shaded cells indicate that the measurement endpoint was not applicable to the assessment 

endpoint 

WOE = weight of evidence 

N=No significant risk identified; L-M = low-medium; M-H = medium-high; H = high 

ND = not determined 

 

 

 



Expanded Site Investigation Report                                                                                                 FINAL REPORT 

May 2006                                           Prepared by Gannett Fleming, Inc. 

 60  

TABLE 7-2  Summary of Ecological Risks for Plow Shop Pond 

 

 

Measurement Endpoints (Lines of Evidence) 

 

Published 

Benchmarks 

 

Laboratory 

Toxicity 

Testing 

 

Tissue 

Residue 

Analyses 

 

Food Chain 

Modeling 

 

Target 

Receptor 

Group 

 

 

 

  

WOE 

 

Risk 

 

WOE 

 

Risk 

 

WOE 

 

Risk 

 

WOE 

 

Risk 

 

Integrated Risk 

Interpretation 

 

 

 

water column 

invertebrates 

L-M L M N  ND  ND Low risk; no 

unacceptable risk. 

Fish L-M L M N M-H L  ND Low risk; no 

unacceptable risk. 

benthic 

invertebrates 

L-M H M-H M M-H L  ND Medium risk; 

unacceptable risk. 

omnivorous 

mammals 

 ND  ND  ND M-H H High risk; 

unacceptable risk 

piscivorous  

mammals 

 ND  ND  ND M-H N No unacceptable 

risk. 

carnivorous 

birds 

 ND  ND  ND M-H L Low risk 

piscivorous 

birds 

 ND  ND  ND M-H M Medium risk; 

unacceptable risk 

unlikely. 

insectivorous 

birds 

 ND  ND  ND M-H M Medium risk; 

unacceptable risk 

unlikely. 

Shaded cells indicate that the measurement endpoint was not applicable to the assessment 

endpoint 

WOE = weight of evidence 

N=No significant risk identified; L-M = low-medium; M-H = medium-high; H = high 

ND = not determined 

 

7.1.1 Water column invertebrate community 

 

Potential risk to water column invertebrates based on each measurement endpoint was 

determined to be the following: 

 

A. Benchmark comparison: The benchmark comparison measurement endpoint was given 

low-medium weight because benchmarks do not identify site-specific risk but are generic 
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in nature.  The benchmark comparisons for Grove Pond and Plow Shop Pond revealed 

low potential risk to surface water invertebrates. 

 

B. Toxicity testing: The toxicity testing measurement endpoint was given a medium 

weight.  The results of the toxicity tests with Ceriodaphnia dubia revealed no significant 

toxicity for surface water invertebrates in Grove Pond and Plow Shop Pond. 

 

Integrating these two lines of evidence, it is unlikely that surface water invertebrates in 

either of the ponds experience unacceptable risk from exposure to COPCs. 

 

7.1.2 Benthic macroinvertebrate community 

 

A. Benchmark comparison: The benchmark comparison measurement endpoint was given 

low-medium weight because benchmarks do not identify site-specific risk but are generic 

in nature.  The benchmark comparisons revealed high potential risk to benthic 

invertebrates in Grove Pond and Plow Shop Pond. 

  

B.  Toxicity testing: The toxicity testing measurement endpoint was given a medium-high 

weight.  Laboratory toxicity testing of three Grove Pond sediment samples using two 

benthic invertebrate species resulted in significant growth reductions (but no mortality) in 

two of the three samples.  Testing of 11 Plow Shop Pond sediment samples using the 

same two species resulted in significant mortality and growth reductions in one sample, 

and significant growth reductions (but no mortality) in five additional samples. 

 

C.  CBR comparison: The CBR comparison measurement endpoint was given a medium-

high weight.  The results of the CBR comparison suggested low risk to benthic 

invertebrates from accumulated COPC in Grove Pond and Plow Shop Pond. 

 

Integrating these results, it was concluded that toxicity testing and the CBR comparisons 

carried greater weight than did the comparisons to sediment benchmarks.  Therefore, 

while benchmark exceedances alone suggested potential high risk to benthic invertebrates 

in both ponds, subsequent lines of evidence indicated that the exceedances did not equate 

to high risk.  The three lines of evidence suggest that benthic invertebrates in Grove Pond 

were likely to experience medium risk due to potential growth reduction.  Benthic 

invertebrates in Plow Shop Ponds were  

 

 

likely to experience medium risk due to reduced survival at one location and reduced 

growth at several other locations in the pond 
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7.1.3 Fish community 

 

A. Benchmark comparison: The benchmark comparison measurement endpoint was given 

low-medium weight because benchmarks do not identify site-specific risk but are generic 

in nature.  The benchmark comparisons for Grove Pond and Plow Shop Pond revealed 

low potential risk to fish. 

 

B. Toxicity testing: The toxicity testing measurement endpoint was given a medium 

weight.  The results of the toxicity tests with Pimephales promelas revealed no significant 

toxicity for fish in Grove Pond and Plow Shop Pond. 

 

C.  CBR comparison: The CBR comparison measurement endpoint was given a medium-

high weight.    The results for the CBR comparison in six fish species collected from 

Grove Pond indicated that three metals (copper, lead, and zinc) exceeded their LOAEL 

level by small margins (highest average HQ [hazard quotient]LOAEL = 2.9 for copper in 

bullhead).  These results suggested the presence of low risk to fish in Grove Pond. 

 

The results for the CBR comparison in four fish species collected from Plow Shop Pond, 

indicated that only copper exceeded its LOAEL level by a small margin (highest average 

HQLOAEL = 2.5 in bullhead).  These results also suggested the presence of low risk to fish 

in Plow Shop Pond.Integrating these three lines of evidence, the fish community in either 

Grove Pond or Plow Shop Ponds is not likely to be at substantial risk from exposure to 

COPCs.  The low risk identified by the CBR comparisons would not have community-

level impacts because all the LOAEL exceedances were low, and both copper and zinc 

are under physiological control. 

 

7.1.4 Omnivorous mammals                                                                                  

 

The raccoon was the target receptor representing omnivorous mammals feeding at the 

Site.  Only one LOE was available to assess risk to this receptor group.  Food chain 

modeling was used to calculate COPC-specific total daily doses (TDD) for comparison to 

mammalian Toxicity Reference Values (TRVs).  Most of the COPC concentrations in the 

food items used in modeling were based on site-specific measurements or estimates.  

Hence, this LOE was given a medium-to-high weight. 

 

The results of the HQ calculations indicated it unlikely that omnivorous mammals would 

experience unacceptable risk from foraging in Grove Pond.  However, the potential for 

high risk was identified for omnivorous mammals foraging in Plow Shop Pond, mainly 

because of the incidental ingestion of arsenic in pond sediments.  There was significant 

uncertainty associated with this finding, as discussed below. 
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7.1.5 Piscivorous mammals                                                                               

 

The mink was the target receptor representing piscivorous mammals feeding at the Site.  

Only one LOE was available to assess risk to this receptor group.  Food chain modeling 

was used to calculate COPC-specific TDDs for comparison to mammalian TRVs.  Most 

of the COPC concentrations in the food items used in modeling were based on site-

specific measurements or estimates.  Hence, this LOE was given a medium-to-high 

weight. 

 

The results of the HQ calculations indicate that it was not likely that piscivorous 

mammals would experience unacceptable risk from foraging in Grove Pond or Plow Shop 

Pond. 

 

7.1.6 Carnivorous birds 

The black-crowned night heron was the target receptor representing carnivorous birds 

feeding at the Site.  Only one LOE was available to assess risk to this receptor group.  

Food chain modeling was used to calculate COPC-specific TDDs for comparison to bird 

TRVs.  Most of the COPC concentrations in the food items used in modeling were based 

on site-specific measurements or estimates.  Hence, this LOE was given a medium-to-

high weight. 

 

The results of the HQ calculations indicated the potential for medium risk to carnivorous 

birds foraging in Grove Pond and low risk in Plow Shop Pond, mainly owing to the 

incidental ingestion of chromium in pond sediments.  There was significant uncertainty 

associated with this finding, as discussed below. 

 

7.1.7 Piscivorous birds  

 

The kingfisher was the target receptor representing piscivorous birds feeding at the Site. 

Only one LOE was available to assess risk to this receptor group. Food chain modeling 

was used to calculate COPC-specific TDDs for comparison to bird TRVs. Most of the 

COPC concentrations in the food items used in modeling were based on site-specific 

measurements or estimates. Hence, this LOE was given a medium-to-high weight. 

 

The results of the HQ calculations indicated that it was not likely that piscivorous birds 

foraging in Grove Pond would experience unacceptable risk. However, the potential for 

medium risk was identified for piscivorous birds foraging in Plow Shop Pond, owing to 

excessive levels of methyl mercury in fish. 

 

7.1.8 Insectivorous birds 

The tree swallow was the target receptor representing insectivorous birds feeding at the 

Site. Only one LOE was used to assess risk to this receptor group. Food chain modeling 

was used to calculate COPC-specific TDDs for comparison to bird TRVs. The COPC 

concentrations used in modeling were based on the analysis of tree swallow stomach 

contents. Hence, this LOE was  
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given a medium-to-high weight. 

 

The results of the HQ calculations indicated that insectivorous birds foraging in Grove 

Pond and Plow Shop Pond would likely experience medium risk, mainly because of the 

presence of high chromium levels in stomach contents. 

 

7.2 MAJOR UNCERTAINTIES 

 

The potential for high risk from sediment ingestion was identified for omnivorous 

mammals (represented by the raccoon) and carnivorous birds (represented by the black-

crowned night heron) foraging in the two Site ponds. Several major uncertainties are 

associated with these risk estimates. 

 

Firstly, unacceptable risk was identified for the raccoon in Plow Shop Pond because of 

incidental ingestion of arsenic in sediment.  The sediment uptake assumption for the 

raccoon (9% of the diet) was taken from EPA (1993).  Because the value was based on 

conditions different from those in the ponds, there is uncertainty in the accuracy of this 

value for Grove Pond and Plow Shop raccoons, or other omnivorous mammals.  This 

uncertainty is particularly important because the unacceptable risk concluded for the 

raccoon in Plow Shop Pond is due to incidental ingestion of arsenic in sediment.  

Therefore, the risk assumption relies entirely on the sediment intake assumption for this 

species. 

 

Similarly, the sediment uptake assumption for the black-crowned night heron (2% of the 

diet) was based on a best professional judgment.  There were no measured values for 

similar species that could have been used with more confidence; EPA (1993) lists an 

uptake for other aquatic birds at 2%.  This uncertainty is particularly important because 

the risk concluded for the black-crowned night heron in both ponds is due to incidental 

ingestion of chromium in sediment.  Therefore, the risk assumption relies entirely on the 

sediment intake assumption for this species.  For both the raccoon and the night heron, 

uncertainty is associated with the sediment ingestion rates for another reason.  The 

estimated sediment uptake percentages are potentially overestimated because of the dense 

vegetative mat that exists throughout the ponds.  Because this mat may act as a barrier 

between sediment and biota, wildlife receptors may have limited direct exposure to 

sediment substrate.  The incidental ingestion assumptions (e.g., 0.09 for the raccoon and 

0.02 for the black-crowned night heron potentially overestimate risk from this pathway. 
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8.0 SUMMARY AND CONCLUSIONS 

 

 

8.1 Conceptual Model 

 

The ESI presents a broad overview of each of five key elements that have been identified 

in this and previous studies as potential concerns from a risk perspective.   Data for each 

of these five elements are presented in Section 5.0 in map view in order to identify 

qualitatively any spatial patterns that suggest localized sources and/or transport pathways.  

Maps are presented for each pond, and for two depth intervals: 0-1 ft and >1 ft below the 

sediment/water interface.  In addition, histograms are presented for the log-transformed 

concentrations of each element for the shallow interval (0-1 ft).   These plots give a visual 

impression of the central tendency (geometric mean) and variability (geometric standard 

deviation) of each element at the pond-wide scale.   Elements that exhibit marked 

departures from log-normal distributions, as well as wide scatter, are suggestive of 

releases at one or more point sources, superimposed on the ambient distribution.   

 

Arsenic.   Arsenic is detected in Grove Pond shallow (0-1 ft) sediment at concentrations 

typically a few tens to a few hundred mg/kg.  The geometric mean is 49.8 mg/kg, which 

is within the range of available reference concentrations determined for the upstream 

ponds.  Characterization of deeper sediment (>1 ft) is limited, but suggests somewhat 

lower concentrations overall, with a geometric mean of 25.0 mg/kg.  A few samples from 

the northwest portion of the pond (Tannery Cove) exhibit higher concentrations, of the 

order of 1000 mg/kg, found in both shallow and deep sediment.   It is inferred that the 

widespread arsenic in Grove Pond sediment has accumulated from discharging 

groundwater, which is known to exhibit elevated arsenic where reducing conditions 

prevail.  In the vicinity of the former tannery, scattered detections at higher concentrations 

suggest that there may have been local releases associated with historical activities, 

possibly use of arsenical pesticides.   

 

Plow Shop Pond also exhibits widespread arsenic detections, typically of the order of a 

few hundred mg/kg, notably higher than the overall concentrations found in Grove Pond.   

The geometric mean for shallow sediment (0-1 ft) in Plow Shop Pond is 217 mg/kg.   

Deep sediment (>1 ft) overall is lower in As, with a geometric mean of 35.0 mg/kg.   

Arsenic detections in shallow sediment are significantly elevated relative to the mean in 

the southwest portion of the pond (Red Cove), with a maximum detection of 6800 mg/kg.  

It is inferred that the preponderance of the arsenic detected in Plow Shop Pond sediment 

is again the result of accumulation from high-As groundwater.   Groundwater 

approaching Red Cove has been shown to exhibit reducing conditions and high dissolved 

iron and arsenic.  The extent to which Shepley’s Hill Landfill is responsible for creating 

or exacerbating the reducing conditions that mobilize arsenic is unknown.  When this 

groundwater discharges to the pond, and encounters oxidizing conditions near the 

sediment/water interface, hydrous ferric oxide phases precipitate, and adsorb arsenic.  

This process is evidenced by the abundant reddish orange floc for which Red Cove is 

named.  Sediment As concentrations decrease to the north, approaching the hinge line, 

north of which the pond recharges groundwater.   
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Cadmium.  Cadmium is detected in both Grove Pond and Plow Shop Pond shallow (0-1 

ft) sediment, typically at concentrations ranging from non-detect to a few tens of mg/kg.  

The geometric mean concentrations for detections in both ponds are nearly identical, 13.2 

mg/kg (Grove Pond) and 13.5 mg/kg (Plow Shop Pond).  Analyses on deep samples (>1 

ft) revealed very few detections.  It is inferred that the widespread Cd in shallow sediment 

likely accumulated from atmospheric deposition and stormwater runoff.  Although there 

are a few potential industrial users of cadmium adjacent to the ponds, there is no 

suggestion of a localized source in the spatial distribution of concentration.  Scattered 

detections at higher concentrations may be the result of local releases.  The maximum 

detection across both ponds is an isolated value of 730 mg/kg, adjacent to the railroad 

causeway at the west end of Grove Pond. This may reflect a local, sporadic source.  The 

higher concentrations along the southern and western shores of Plow Shop Pond may 

result from erosion and deposition of adjacent soils.  Clastic sedimentation rates may be 

higher in this area because of the relatively steep topography and bare ground on the 

shore.  The detection of Cd in the deep (>1 ft) sediment in the same area is consistent 

with this scenario. 

   

Chromium.  Chromium exhibits a very wide range of concentrations in shallow (0-1 ft) 

sediment in Grove Pond, from non-detect to 52,000 mg/kg.  Over the majority of the 

pond, concentrations are typically of the order of tens of mg/kg, while the high values are 

found in the vicinity of the former tannery in the northwest portion (Tannery Cove).  The 

geometric mean, which is strongly influenced by the very high concentrations in the 

Tannery Cove area, is 489 mg/kg, significantly higher than the reference values from the 

upstream ponds (14-27 mg/kg).   The spatial association with the former tannery is clear 

and consistent with the known use of chromium in the tanning process, and historical 

waste disposal practices.   Few samples have been collected from deep (>1 ft) sediment in 

Grove Pond, so that generalizations with respect to the spatial distribution of Cr are not 

possible.  There are, however, detections of very high Cr in deep sediment in Tannery 

Cove (maximum 44,000 mg/kg).  It is believed that these “deep” sediments were 

deposited in the 19
th
 and/or 20

th
 centuries, and subsequently buried by rapid 

sedimentation due to infilling of the cove.   

 

Plow Shop Pond also shows very high levels of chromium in shallow sediment, with a 

geometric mean of 908 mg/kg, and a maximum detection of 37,800 mg/kg.  In contrast to 

Grove Pond, high chromium detections in Plow Shop Pond are widespread, and show no 

obvious spatial pattern of accumulation.  While it seems apparent that the ultimate source 

of the majority of the chromium in Plow Shop Pond sediment is the historic tannery, it is 

not clear what processes have acted to distribute Cr ubiquitously.  It is speculated that 

organic complexation and/or uptake of Cr by aquatic vegetation may have served to 

spread chromium relatively uniformly across the pond. 

 

Mercury.  Mercury is detected in shallow (0-1 ft) sediment across most of Grove Pond at 

concentrations of the order of a few mg/kg, but is clearly elevated in the northwest 

portion of the pond (Tannery Cove).  The geometric mean concentration is 4.06 mg/kg, 

and the maximum (Tannery Cove) is 420 mg/kg.    There are relatively few samples of 
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the deep (>1 ft) sediment in Grove Pond, but these are consistent with the shallow results;   

the maximum detection is 150 mg/kg, in Tannery Cove.  The clear spatial association 

with the former tannery implicates that facility as the source of the preponderance of 

mercury in pond sediment.  Although no records of use have been found, mercury salts 

were used in tanning, and mercury was used commonly as a fungicide, as well.  

 

Mercury concentrations in Plow Shop Pond shallow (0-1 ft) sediment are higher overall 

than in Grove Pond, with a geometric mean of 7.45 mg/kg.   Mercury is widely dispersed 

in Plow Shop Pond, with no apparent spatial pattern.   As discussed for chromium, it is 

speculated that organic complexation and/or uptake of Hg by aquatic plants may play a 

role in the apparently high mobility of mercury within Plow Shop Pond.   It is interesting 

to note that the ratio of the geometric mean concentration for 96 detections of Hg in Plow 

Shop Pond to that for 96 detections in Grove Pond shallow sediment is 1.83, while the 

ratio of geometric means for 102 detections of Cr in Plow Shop Pond and 135 detections 

in Grove Pond is 1.86.  The similarity in spatial distribution, as well as in the overall 

partitioning of contaminant mass between the two ponds, is strongly suggestive that the 

mercury and chromium in the system share the same source (i.e., the historic tannery) and 

are controlled by similar transport processes.   

 

Lead.  Lead is detected ubiquitously in shallow sediment across Grove Pond, with a 

geometric mean of 133 mg/kg.   Relatively few deep sediment samples were collected in 

Grove Pond, but the limited data suggest significantly lower concentrations in the 

sediments >1 ft below the sediment/water interface;   Pb was detected in this interval in 

10 of 16 samples, with a geometric mean of 19.3 mg/kg.   Lead was detected in three 

shallow samples from the upstream reference ponds in the range 120 to 280 mg/kg, 

similar to the geometric mean for Grove Pond.   Widespread lead concentrations of the 

order of 100 mg/kg are inferred to result from atmospheric deposition and stormwater 

runoff, ultimately tracing back to historic vehicle emissions in the era of leaded fuels.   A 

few anomalously high concentrations of lead were detected in the vicinity of Tannery 

Cove (maximum 1760 mg/kg), and suggest possible use of lead arsenate pesticides at the 

facility.   Note, for example, that the highest lead detection in deep (>1 ft) sediment was 

found in a sample from Tannery Cove, with Pb at 1000 mg/kg, and accompanied in the 

same sample by As at 1300 mg/kg and Cr at 44,000 mg/kg.   The association with As 

suggests a possible origin in lead arsenate, and the association with very high Cr seems to 

implicate the tannery’s waste stream.   It is noted again that “deep” sediment (>1 ft) in 

tannery cove likely was surficial sediment in recent decades, but was buried by rapid 

sedimentation associated with infilling of the cove.   

 

Lead in shallow sediment in Plow Shop Pond is again ubiquitous, with typical 

concentrations of the order of 100 mg/kg.  The geometric mean is 101 mg/kg.   Sample 

coverage for deep sediment in Plow Shop Pond is much more extensive than in Grove 

Pond.  The geometric mean for 66 detections (out of 79 samples) is 11.4 mg/kg, an order 

of magnitude lower than in the shallow interval.   This is again consistent with the 

interpretation that the preponderance of lead in Plow Shop Pond originates from 

atmospheric deposition and stormwater inputs.   A few detections of lead at 

concentrations of the order of 1000 mg/kg were found adjacent to the former Railroad 
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Roundhouse site on the southeast shore.   Detection of elevated Pb, Sb, Cu, and Sn in 

onshore soils at the Roundhouse site are suggestive of a source in babbitt, an alloy used in 

railroad-car bearings.   A strong correlation of Pb and Cu in nearshore sediment samples 

further supports this interpretation.    

 

8.2 Human Health Risk Assessment 

 

Grove Pond 

 

The human health risk assessment evaluated risks to four receptors: a recreational adult, 

recreational child, subsistence angler adult and subsistence angler child.  Media 

considered in the recreational receptor evaluations included sediment, surface water and 

fish tissue.  The only medium used in the evaluation of risks to the subsistence angler 

receptors was fish tissue.  For Grove Pond, the carcinogenic risk threshold of 1E-4 was 

equaled for the recreational adult and recreational child.  This threshold was exceeded for 

the subsistence angler adult.  Carcinogenic risk for the subsistence angler child was found 

to be between 1E-5 and 1E-4.  The non-cancer Hazard Index (HI) risk threshold of one 

(1) was exceeded for all receptors. 

 

Carcinogenic risk drivers, defined as chemicals with risks in excess of 1E-6, for the 

recreational receptors included arsenic (surface water and sediment), PAHs (sediment), 

phthalates (surface water) and PCBs (fish tissue).  Noncarcinogenic risk drivers, defined 

as chemicals with hazard quotients (HQs) in excess of one (1), for the recreational 

receptors included arsenic (sediment), manganese (surface water), mercury (fish tissue), 

and PCBs (fish tissue).   

 

Carcinogenic risk drivers for the subsistence angler included PCBs, DDD and DDE.  

Noncarcinogenic risk drivers included mercury and PCBs. 

 

Risk thresholds from potential exposure to lead found in environmental media were not 

exceeded for recreational adults or children but were exceeded for the subsistence angler 

child receptor. 

 

Plow Shop Pond 

 

Human health risk assessment results for Plow Shop Pond were similar to those from 

Grove Pond. For Plow Shop Pond, the carcinogenic risk threshold of 1E-4 was exceeded 

for the recreational adult and recreational child.  This threshold was equaled for the 

subsistence angler adult.  Carcinogenic risk for the subsistence angler child was found to 

be between 1E-5 and 1E-4.  The non-cancer Hazard Index (HI) risk threshold of one (1) 

was exceeded for all receptors. 

 

Carcinogenic risk drivers for the recreational receptors included arsenic (surface water, 

sediment and fish tissue), PAHs (sediment) and PCBs (fish tissue).  Noncarcinogenic risk 

drivers, defined as chemicals with hazard quotients (HQs) in excess of one (1), for the 
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recreational receptors included arsenic (sediment, surface water), chromium (sediment), 

and mercury (fish tissue). 

 

Carcinogenic risk drivers for the subsistence angler included arsenic and DDD.  

Noncarcinogenic risk drivers included mercury and vanadium. 

 

Risk thresholds from potential exposure to lead found in environmental media were not 

exceeded for recreational adults or children. Lead was not a chemical of potential concern 

in fish tissue from Plow Shop Pond. 

 

Evaluation of Results 

 

This section compares human health risk results to the findings of the fate and 

transport/environmental chemistry evaluation performed for this study.  Of this risk 

drivers identified in the human health risk assessment, the metals arsenic, chromium, 

mercury and lead appear to be related to identifiable sources within Grove and Plow Shop 

Ponds including area-wide groundwater for arsenic.  Vanadium and manganese have not 

been identified as metals with clear Pond-related sources.  There has been no suggestion 

that either Mn or V sediment concentrations represent anthropogenic inputs to the ponds.  

It is concluded that the relatively high Mn concentrations found in the southwestern 

portion of Plow Shop Pond have accumulated from low-ORP, high-Fe, high-Mn 

groundwater that discharges to the surface water in this area, in a process similar to that 

controlling arsenic (cf, Sec. 5.3.3).  It is likely that most of the vanadium mass found in 

pond sediment is of natural origin, and is present at concentrations reflecting regional 

lithologies and long-term geological and geochemical transport processes.  Possibly, 

elevated levels of these metals, and associated risks, occur as a result of mobilization of 

naturally occurring metals by reduced groundwater that enters the ponds from the 

direction of Shepley’s Hill Landfill or other areas. 

 

Organic constituents identified as risk drivers include PAHs, PCBs and DDT breakdown 

products.  While these chemicals are clearly anthropogenically-related, multiple sources 

for these chemicals appear applicable.  Sources may have included upstream 

contamination, stormwater runoff, atmospheric deposition as well as contributions from 

the former tannery and railroad roundhouse located on the shores of these ponds.  

Currently, it is not possible to clearly attribute the contribution levels of these sources to 

the concentrations observed.  However, it does not appear that groundwater is a 

contributor of organic constituents to the Ponds.  Relatively few analyses for organics in 

groundwater surrounding the ponds have been performed. The available data are not  
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sufficient to determine the extent of organic contamination of pond sediments from 

groundwater.   

 

 

 

8.3 Ecological Risk Assessment 

 

The BERA identified unacceptable risk for two receptor groups in Grove Pond and three 

receptor groups in Plow Shop Pond. The chemicals that were identified as risk drivers are 

arsenic, chromium, and PAHs. 

 

In Grove Pond, risk to benthic invertebrates was found to be unacceptable based on 

results of toxicity tests, although no specific risk driver could be identified.  Risk to 

carnivorous birds was also found to be unacceptable in Grove Pond. The risk estimate 

was driven by the incidental ingestion of chromium in sediment. 

 

In Plow Shop Pond, risk to benthic invertebrates, omnivorous mammals, and carnivorous  

birds was found to be unacceptable. For benthic invertebrates, unacceptable risk was 

attributed to PAHs in the vicinity of the Railroad Roundhouse. In other areas (e.g., the 

western shore), a COC driving toxicity could not be identified with confidence. Risk to 

omnivorous mammals was attributed primarily to the incidental ingestion of arsenic in 

sediment. Risk to carnivorous birds was attributed primarily to the incidental ingestion of 

chromium in sediment.  While risk to omnivorous mammals and carnivorous birds was 

found to be unacceptable, there is significant uncertainty associated with risk 

determination for both receptor groups. This is primarily because of the uncertainty 

associated with the amount of sediment that the representative species were assumed to 

ingest. 

 

 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Expanded Site Investigation Report                                                                                                 FINAL REPORT 

May 2006                                           Prepared by Gannett Fleming, Inc. 

 71  

 

 

 

 

 

 

 

 

References 
 

ABB-ES.  1993.  Final Remedial Investigation Addendum Report, Data Item A009.  Vol. 

I of IV, Report Text.  Prepared by ABB-ES, Inc., for US Army Environmental Center, 

Aberdeen Proving Ground, Maryland.  December 1993. 

 

ABB-ES. 1995a. Final Feasibility Study:  Shepley's Hill Landfill Operable Unit, Data 

Item A009. Prepared by ABB-ES, Inc., for US Army Environmental Center, Aberdeen 

Proving Ground, Maryland. February 1995.   

 

ABB-ES. 1995b. Draft Plow Shop Pond and Grove Pond Sediment Evaluation, Data 

Item A009. Prepared by ABB Environmental Services, Inc., for US Army Environmental 

Center, Aberdeen Proving Ground, Maryland. October 1995. 

Agency for Toxic Substances and Disease Registry (ATSDR). 1998. Toxicological 

Profile for Chromium. U.S. Public Health Service, U.S. Department of Health and 

Human Services, Atlanta, GA. 1998.  

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. Toxicological profile 

for mercury. Atlanta, GA: U.S. Department of Health and Human Services, Public Health 

Service. 

 

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. ToxFAQs for 

cadmium, CAS#7440-43-9, June 1999, http://www.atsdr.cdc.gov/tfacts5.html 

 

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. ToxFAQs for 

mercury, CAS#7439-97-6, April 1999, http://www.atsdr.cdc.gov/tfacts46.html 

 

Agency for Toxic Substances and Disease Registry (ATSDR). 1999. ToxFAQs for lead, 

CAS#12709-98-7, September 2005, http://www.atsdr.cdc.gov/tfacts13.html 

 

Bethke, C. 1994. Geochemist’s Workbench, Version 2.0:  A Users Guide, University of 

Illinois, 219 p. 

 

Bostick, B. C., Fendorf, S., and Brown, Jr., G. E. 2005.  In situ analysis of thioarsenite 

complexes in neutral to alkaline arsenic sulphide solutions.  Min. Mag. 69(5):781-795. 

 

Brannon, J. M. and Patrick, Jr., W. H. 1987. Fixation, transformation, and mobilization of 

arsenic in sediments.  Environ. Sci. Technol. 21(5):450-459. 

 



Expanded Site Investigation Report                                                                                                 FINAL REPORT 

May 2006                                           Prepared by Gannett Fleming, Inc. 

 72  

Bhumbla, D. K., and Keefer, R. F., 1994, Arsenic mobilization and bioavailability in 

soils.  In Nriagu, J. O. (ed.) Arsenic in the Environment, Part 1: Cycling and 

Characterization, p.51-82. Wiley & Sons, New York. 

California Air Resources Board, 2004, Air toxics update #4, June 9, 2004, 

http://www.arb.ca.gov/toxics/ToxicUpdates/toxupd4.html 

 

CDM January 1993.  Town of Ayer, Massachusetts Grove Pond Wells Hydrogeologic 

Investigation and Zone II Aquifer Mapping. Camp Dresser & McKee Inc. 

Cossich, E. S., Tavares, C. R. G., and Ravagnani. T. M. K., Biosorption of chromium(III) 

by Sargassum sp. biomass.  Electronic Jour. Biotech. 5(2). 

Cullen, W. R. and Reimer, K. J., 1989, Arsenic speciation in the environment.  Chem. 

Rev. 89:713-764. 

 

Dartmouth Toxic Metals Research Program, 2005, The facts on cadmium, February 22, 

2005, http://www.dartmouth.edu/~toxicmetal/TXQAcd.shtml 

 

Dartmouth Toxic Metals Research Program, 2005, The facts on lead, February 9, 2005, 

http://www.dartmouth.edu/~toxicmetal/TXQApb.shtml 

 

Dean, J. G., Bosqui, F. L., and Lanoveite, K. H. 1972.  Removing heavy metals from 

waste water.  Environ. Sci. Technol. 6:518-522. 

 

Deer, Howie, and Zussman. 1966. An introduction to the rock-forming minerals.  John 

Wiley and Sons, Inc. New York.  528 p. 

 

ETA May 1995. Detailed Flow Model for Main and North Post, Fort Devens, 

Massachusetts.  Prepared by Engineering Technologies Associates, Inc. (ETA) for 

commander, US Army Toxic and Hazardous Materials Agency.  Ellicott City, Maryland. 

 

Gannett Fleming, 2002, Final Grove Pond Arsenic Investigation, technical report 

prepared for U. S. Environmental Protection Agency, March 2002.  

 

Gannett Fleming, Inc. 2002a.  Data Gap Evaluation Report.  Remedial Investigation 

Grove & Plow Shop Ponds.  Prepared for: U. S. Environmental Protection Agency, 

Region I. May 2002. 

Gannett Fleming, Inc., 2002b, Final Grove Pond Arsenic Investigation, technical report 

prepared for U. S. Environmental Protection Agency, March 2002. 

 

Haines, T.A. and J.R. Longcore. 2001. Final Report: Bioavailability and Potential Effects 

of Mercury and Selected Other Trace Metals on Biota in Plow Shop and Grove Ponds, 

Fort Devens, MA. Prepared by Haines and Longcore (U.S. Geological Survey) for U.S. 

EPA Region I. April 2001. 

 



Expanded Site Investigation Report                                                                                                 FINAL REPORT 

May 2006                                           Prepared by Gannett Fleming, Inc. 

 73  

Harrington, J. M., Fendorf, S. E., and Rosenzweig, R. F., 1998,  Biotic generation of 

As(III) in metal(loid)-contaminated freshwater lake sediments.  Environ. Sci. Technol. 

32(16):2425-2430. 

Huerta-Diaz, M. A., Tessier, A., and Carignan, R., 1998, Geochemistry of trace metals 

associated with reduced sulfur in freshwater sediments.  Appl. Geochem. 13:213-333. 

Hurley, J. P., Watras, C. J., and Bloom, N. S. 1991.  Mercury cycling in a northern 

Wisconsin seepage lake – the role of particulate matter in vertical transport.  Water Air 

Soil Pollut. 56:543-551. 

 

James, B. R., 2002, Chemical transformations of chromium in soils:  

relevance to mobility, bio-availability and remediation.  The Chromium File from the 

International Chromium Development Assoc., No. 8, February 2002. 

James B. R., and Bartlett, R. J., 1983, Behavior of chromium in soils. V. Fate of 

organically-complexed Cr (III) added to soil. J. Environ. Qual. 12:169-172. 

Kamman, N., C. T. Driscoll, R. Estabrook, D. C. Evers, and E. K. Miller, 2004, 

Biogeochemistry of mercury in Vermont and New Hampshire lakes, an assessment of 

mercury in water, sediment, and biota of Vermont and New Hampshire lakes, 

Comprehensive Final Project Report, USEPA Office of Research and Development.   

 

LaForce, M. J., Hansel, C. M., and Fendorf, S. E., 2000, Arsenic speciation, seasonal 

transformations, and co-distributions with iron in a mine waste-influenced palustrine 

emergent wetland. Environ. Sci. Technol. 34(18):3937-3943. 

 

Mason, Brian and L.G. Berry. 1968. Elements of Mineralogy. W.H. Freeman and 

Company. San Francisco, CA. 550p. 

 

Mercadante, A.M., Colman, J.A., and Buursink, M.L., 1999, Map Showing Morphometry, 

Bathymetry and Soft-Sediment Thickness of Plow Shop Pond and Grove Pond, Ayer, 

Massachusetts, USGS Water-Resources Investigations Report 99-4241. 

 

Moore, J. N., Ficklin, W. H., and Johns, C., 1988, Partitioning of arsenic and metals in 

reducing sulfidic sediments.  Environ. Sci. Technol. 22(4):432-437. 

Norton, S. A., 2001, Paleolimnological Assessment of Grove and Plow Shop Ponds, Fort 

Devens – Ayer, Massachusetts, Report to USEPA, Agreement Number 1434-HQ-98-

AGO1927, August 2001. 

O’Day, P. A., Vlassopoulos, D. V., Root, R., and Rivera, N., 2004, The influence of 

sulfur and iron on dissolved arsenic concentrations in the shallow subsurface under 

changing redox conditions.  Proc. Nat. Acad. Sci. 101(38):13703-13708. 

Peryea, F. J., 1998, Historical use of lead arsenate insecticides, resulting soil 

contamination and implications for soil remediation.  Proceedings, 16
th
 World Congress 

of Soil Science (CD Rom), Montpellier, France. 20-26 Aug. 1998.  Scientific registration 

number  274, Symposium number 25. 



Expanded Site Investigation Report                                                                                                 FINAL REPORT 

May 2006                                           Prepared by Gannett Fleming, Inc. 

 74  

Rai, D., Eary, L. E., and Zachara, J. M., 1989, Environmental chemistry of chromium. 

Sci. Tot. Environ. 86:15-23. 

Robinson, P. and Goldsmith, R., "Stratigraphy of the Merrimack Belt, Central 

Massachusetts", The Bedrock Geology of Massachusetts, 1991. 

 

Smith, E., Naidu, R., and Alston, A. M., 1998, Arsenic in the soil environment: a review.  

In Sparks, D. L. (ed.) Advances in Agronomy, 64:149-195.  Academic Press, San Diego. 

Srivastava S, Prakash S, Srivastava MM (1999) Chromium mobilization and plant 

availability-the impact of organic complexing ligands. Plant Soil. 212:203-208. 

Stein, C. L., W. C. Brandon, and D. F. McTigue, 2005, Arsenic behavior under sulfate-

reducing conditions:  beware of the “danger zone,” EPA Science Forum 2005, 

Washington, D. C., May 16-18, 2005, 

http://www.epa.gov/ord/scienceforum/2005/pdfs/regionposter/Stein_Regions29.pdf 

 

U. S. Environmental Protection Agency, 2002, Guidance for Comparing Background and 

Chemical Concentrations in Soil for CERCLA Sites.  EPA 540-R-01-003, OSWER 

9285.7-41.   

U.S. Environmental Protection Agency. Toxicological Review of Trivalent Chromium. 

National Center for Environmental Assessment, Office of Research and Development, 

Washington, DC. 1998.  

U.S. Environmental Protection Agency. Toxicological Review of Hexavalent Chromium. 

National Center for Environmental Assessment, Office of Research and Development, 

Washington, DC. 1998.  

 U.S. Environmental Protection Agency. 1996. Region I, EPA-New England Data 

Validation Functional Guidelines for Evaluating Environmental Analyses.  U.S. EPA-

New England Region I Quality Assurance Unit Staff Office of Environmental 

Measurement and Evaluation. July 1996, Revised December 1996. 
 

U.S. Environmental Protection Agency. 1993.  Wildlife Exposure Factors Handbook. 

Office of Research. EPA. 

 

U. S. Environmental Protection Agency. 1971.  Water quality criteria data book.  

Washington DC:  U. S. Environmental Protection Agency. 

 

U.S. Fish and Wildlife Service. 2000. Trace Element Exposure in Benthic Invertebrates 

from Grove Pond, Plow Shop Pond, and Nonacoicus Brook, Ayer, Massachusetts.  

Prepared by US Fish and Wildlife Service for USEPA. September 2000. 

 

WHO 1990.  Methyl mercury.  Vol. 101.  Geneva, Switzerland: World Health 

Organization, International Programme on Chemical Safety. 

 



Expanded Site Investigation Report                                                                                                 FINAL REPORT 

May 2006                                           Prepared by Gannett Fleming, Inc. 

 75  

Wilkin, R. T. and Ford, R. G., 2002, Use of hydrochloric acid for determining solid-phase 

arsenic partitioning in sulfidic sediments.  Environ. Sci. Technol. 36(22):4921-4927. 

 

Wilkin, R. 2001. Iron sulfide-arsenite interactions: adsorption behavior onto iron 

monosulfides and controls on arsenic accumulation in pyrite. Abstract in USGS 

Workshop on Arsenic in the Environment, Denver, CO.  February 2001. 

 

Wilkin, R., Ford, R., Beck, F., Clark, P., Paul, C., LeMay, J., and Puls, R. 2002.  Arsenic 

geochemical behavior during ground water-surface water interactions at a contaminated 

site.  2002 Program with Abstracts, New Hampshire Consortium on Arsenic, Arsenic in 

New England: a Multidisciplinary Scientific Conference.  Manchester, NH.  May 29-31, 

2002. 

 

Yan, X.-P., Kerrich, R., and Hendry, M. J. 2000. Distribution of arsenic(III), arsenic(V), 

and total inorganic arsenic in porewaters from a thick till and clay-rich aquitard sequence, 

Saskatchewan, Canada.  Geochim. Cosmochim. Acta 62(15):2637-2648. 



FIGURES 

 

 

 

 

 



U. S. ENVIRONMENTAL PROTECTION AGENCY
BOSTON. MASSACHUSETTS

GRAPHIC SCALE 1. Base map was originated from the MassGIS database system.
EXPANDED SITE INVESTIGATION

GROVE AND PLOW SHOP PONDS
AYER, MASSACHUSETTS

2. Sample locations are approximate only and have not been Instrument surveyed
by Gannett Fleming, Inc.

SITE LOCATION MAP



T
BNOHIEW

U. S. ENVIRONMENTAL PROTECTION AGENCY
BOSTON, MASSACHUSETTS

EXPANDED SITE INVESTIGATION
GROVE AND PLOW SHOP PONDS

AYER. MASSACHUSETTS

SAMPLE LOCATION PLAN
GROVE POND

3-1



[•IB]
1 b o h - KM It

PLASTIC DSTR BUTNG COMPANY

PLOW SHOP POND

5EOIHENT SAMPLE 9-GOKsnmnM txean BEWRE OR HEDMI EFFECT

SOL BORMG/TEST PIT GRAB SAMPLE

FT. DEWNS BOUNDARY

INTERMEDIATE MONOTORMG VEU. WHERE A SOL SAMPLE WAS COLIECIEO

WATER SUPPLY WELLS, ACTIK OR MACTTVE

9

1. Base map was originated from the MassGIS database system.

2. Sample locations are approximate only and have not been Instrument surveyed
by Gannett Fleming. Inc.

REGION 1

U. S. ENVIRONMENTAL PROTECTION AGENCY
BOSTON, MASSACHUSETTS

EXPANDED SITE INVESTIGATION
GROVE AND PLOW SHOP PONDS

AYER, MASSACHUSETTS

SAMPLE LOCATION PLAN
PLOW SHOP POND

CONTRACT Mtt EP-«MB-O20

TASK ORDER NO. 1

scue ASSHOM

DATE! 09-29-2001
3-2



0

Arsenic, 0-1 ft

ou

25

> 20
o
c
3 15

J- 10

5

0 i
I I l i . l l . .

GP0-1 ft
• PSP0-1 ft

0.4 0 .8 1.2 1.6 2 2.4 2.8 3.2 3.6

log As

FIGURE NO.: FIGURE 5-1

HISTOGRAMS OF ARSENIC CONCENTRATIONS
IN SHALLOW SEDIMENT (0-1 ft.)

GROVE AND PLOW SHOP PONDS

Contract No.:
EP-W-05-020

Task Order No.:
#1

REGION 1

U.S. ENVIRONMENTAL PROTECTION AGENCY
BOSTON, MASSACHUSETTS

EXPANDED SITE INVESTIGATION
GROVE AND PLOW SHOP PONDS

AYER, MASSACHUSETTS

[ ] Gannett Fleming



0 50 100 200
Notes:

Scale: 1 inch = 100 feet
1. Base map originated from the MASSGIS database system.

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to an arsenic concentration of 910 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to an arsenic concentration of 1,300 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant

concentration. The largest bubble corresponds to an arsenic concentration of 6,800 mg/kg. All other smaller

bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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concentration. The largest bubble corresponds to an arsenic concentration of 2,500 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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1. Base map originated from the MASSGIS database system.
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2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a cadmium concentration of 3.59 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Notes:

1. Base map originated from the MASSGIS database system. Scale: inch = 100 feet

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a cadmium concentration of 66 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Notes:

1. Base map originated from the MASSGIS database system.

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a cadmium concentration of 430 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Notes:
Scale: 1 inch = 100 feet

1. Base map originated from the MASSGIS database system.
2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a chromium concentration of 52,000 mg/kg. All other smaller

bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Notes:

1. Base map originated from the MASSGIS database system.
Scale: 1 inch = 100 feet

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a chromium concentration of 44,000 mg/kg. All other smaller

bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Base map originated from the MASSGIS database system.

Contaminant concentrations reported in milligrams per kilogram (mg/kg). Scale: inch = 100 feet

The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a chromium concentration of 37,800 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Notes:
Scale: 1 inch = 100 feet

1. Base map originated from the MASSGIS database system.

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a chromium concentration of 5,700 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Notes:

1. Base map originated from the MASSGIS database system. Scale: 1 inch = 100 feet

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a mercury concentration of 420 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Notes:

1. Base map originated from the MASSGIS database system.

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a mercury concentration of 150 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a mercury concentration of 250 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a mercury concentration of 220 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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1. Base map originated from the MASSGIS database system.

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a lead concentration of 1,760 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a lead concentration of 1,000 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a lead concentration of 1,210 mg/kg. All other smaller
bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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1. Base map originated from the MASSGIS database system.

2. Contaminant concentrations reported in milligrams per kilogram (mg/kg).

3. The area of the bubbles shown on the figure are proportional to the square root of the contaminant
concentration. The largest bubble corresponds to a lead concentration of 260 mg/kg. All other smaller

bubbles are proportional to the contaminant concentration (Refer to Section 5.2 in the text).
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Figure 5-32. Shallow Groundwater Elevations, Nov. 15, 2004.
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Figure 5-33: Shallow (1 ft) Sediment Temperature
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Fig. 5-34:   Sediment temperature 1 ft below water-sediment interface, April, 2005 (EPA, 2005, unpublished). 



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

APPENDIX A 
 

LIST OF DATA SOURCES 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 
 

List of Data Sources 
Grove Pond and Plow Shop Pond ESI 

 
 

Notations: 
[1]  GF/Newton 
[2]  BRAC Library 
[3]  GF/NH 
 

1. February 1985.  21E Site Assessment, Bligh Street, Ayer, Massachusetts.  IEP, 
Inc., (Northborough, MA).  Six test pits were excavated on the former tannery 
property. Groundwater and soil samples were analyzed for inorganics;   Ba, Hg, 
Pb, Se, and Cr were found to be in excess of MCLs in groundwater;  As, Ba, Cu, 
Hg were elevated in soil (Cr was not analyzed). 

[1] [2] 
 

2. April 1993.  Final Remedial Investigation Report for Areas of Contamination 4, 
5, 18, 40, Fort Devens, Massachusetts.  Prepared for the U.S. Army Toxic and 
Hazardous Materials Agency, Aberdeen Proving Ground, Maryland by Ecology 
and Environment, Inc. (E&E).   RI at Fort Devens Group 1A Sites.  Surface water 
and sediment samples were collected from Plow Shop Pond and analyzed for 
VOCs, pesticides, and inorganics.  Chloroform and methylene chloride were 
found in several water samples;  Cu, Ag, Zn exceeded Ambient Water Quality 
Criteria (AWQC).  Sediments were analysed for organics, metals, and TOC, and 
were found to be high in metals;  low concentrations were reported for PAHs and 
VOCs.  Two sediment-water sample pairs were collected from the Nonacoicus 
Brook wetlands.  The surface water inorganics were similar to concentrations in 
Plow Shop Pond surface water; sediments did not report unusually high 
inorganics. 

[1] [2] 
 

3. January 1993.  Town of Ayer, Massachusetts Grove Pond Wells Hydrogeologic 
Investigation and Zone II Aquifer Mapping. Camp Dresser & McKee Inc.  
Contains MODFLOW results from May 1992 and Sept. 1992 pump tests; Zone II 
delineation; sensitivity analysis; water budget; conceptual hydrologic model; 
particle track simulation; groundwater chemistry for 3 sampling events during 
pump test in September 1992. 

[1] [3] 
 

4. June 1993.  UST Closure Report, New England Telephone Company Garage, 
Sandy Pond Road, Ayer, MA.  Prepared by EnviroTEL, Inc. for New England 
Telephone, Boston, MA.  This site is too distant to have an impact to the study 
area. 

[1] 
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5. September 1993.  Concentrations of mercury and other environmental 
contaminants in fish from Grove Pond, Ayer, Massachusetts, US Fish and 
Wildlife.  Fish filets from Grove Pond were analyzed for inorganics that included 
Hg, Cr, As, Pb, and PCBs.   Four samples exceeded World Health Organization 
limits for Pb; one sample exceeded FDA action level for Hg, and low PCBs were 
found in some.  

[1] [2] 
 

6. December 1993.  Final Remedial Investigation Addendum Report, Data Item 
A009.  Vol. I of IV, Report Text.  Prepared by ABB-ES, Inc., for US Army 
Environmental Center, Aberdeen Proving Ground, Maryland.   

 
Collected supplemental samples from Plow Shop Pond, Nonacoicus Brook 
Wetland, and Grove Pond to fill identified data gaps; also discusses data from 
Plow Shop Pond, Shepley's Hill Landfill, Cold Spring Brook Landfill, New 
Cranberry Pond, and Nonacoicus Brook wetlands. 
 
Grove Pond:  Data from five surface water and five surface sediment samples; 
analytes included PAL VOCs, SVOCs, pesticides, PCBs, explosives, inorganics.  
No organics were reported; highest concentrations of inorganics, including As, 
Cd, Cr, Cu, Pb, Mn, Hg, Ni, and Zn, were found in sediments from the pond’s 
northwest corner. Of these, As, Cr, Cu, Pb, Pb, and Hg were found to be in excess 
of the Ontario Sediment Guidance (OSG) Serious Effect Level. 

 
Plow Shop Pond:  68 sediment samples at 25 locations.  Analytes included 
inorganics, pesticides, PCBs, TOC.  Concluded that Plow Shop Pond sediments 
are contaminated with As, Ba, Cr, Cu, Fe, Pb, Mn, Hg, Ni, and Zn.  The former 
tannery, Shepley’s Hill Landfill, and former railroad roundhouse were identified 
as probable contributors.  A fish community study, fish tissue contaminant study, 
and macroinvertebrate studies were also conducted as part of supplemental RI. 
 
Nonacoicus Brook Wetland:  surface soil and shallow groundwater samples taken 
from four shallow, hand-dug pits immediately north of SHL.  Analyzed for 
VOCs, pesticides, PCBs, explosives, and inorganics.  No PAL organics reported 
from groundwater, but Ba, Ca, K, Mn, Pb, and Zn were contaminants in 
groundwater.  In soils, no VOCs, PCBs, or explosives were reported; low 
concentrations of DDE and DDT.  20 PAL inorganics detected, concentrations of 
16 exceeded background levels at least once.  Be, Cr, Cu, Hg, Ag, Zn considered 
contaminants in soil samples; Cr and Hg highest near Nonacoicus Brook. 

 
Railroad roundhouse area: three shallow soil samples and one pond sediment 
sample; some low concentrations of SVOCs, and elevated levels of As, Sb, Cu, 
and Pb. 
 
Vol. II of IV, Appendix A-G. 
 
Vol. III of VI, Appendix H.  Laboratory QC results. 
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Vol. IV of IV, Appendices I-Z.  Contains background Devens soil and 
groundwater concentrations (metals); RI sediment summaries (Shepley's Hill and 
Cold Spring Brook Landfills). 

[1] [2] [3] 
 

7. March 1994.  Interim Comprehensive Site Assessment, Ayer Municipal Landfill, 
Groton – Harvard Road Volume 1 – Text 

 
Volume II – Round 1 sampling results - DEP did not have  
 
Volume III – Round 2 sampling results did not get section 4.   

 [1] 
 
8. April 1994.  Site Assessment Report, Boston & Maine Railroad Property, Fort 

Devens, Ayer, Massachusetts.  Prepared by ERM for Boston & Maine 
Corporation.  During this investigation of the Hill Yard for Guilford 
Transportation, 8 groundwater-monitoring wells were installed, and soil and 
sediment samples were taken from Grove Pond adjacent to the Yard.  Results 
from groundwater and soil samples did not pose any problems, but elevated levels 
of As, Cd, Cr, Cu, Pb, Hg, Ni, and Zn were found in sediment. 

[1] 
 

9. June 1994, Sampling and Analysis Report, Bligh Street Facility.  Green 
Environmental.  Surface soil sampling and metals analysis at tannery site in 
response to a January 1994 NOR.  30 surface soil samples but no analytes found 
(samples were from fill after the 1961 fire).  

[1] 
 

10. October 1994. Final Railroad Roundhouse Supplemental Site Investigation Work 
Plan, Data Item A004. Prepared by ABB-ES, Inc., for US Army Environmental 
Center, Aberdeen Proving Ground, Maryland.   

 
This document contains March 1993 surface soil sampling results (organics, 
pesticides, inorganics, TOC). 

[3] 
11. December 1, 1994 (October 1994), Grove Pond Field Investigation.  Prepared by 

Metcalf & Eddy for MADEP.  Six Grove Pond surface water and sediment 
samples were collected; surface water was analyzed for VOCs, SVOCs, 
pesticides/PCBs, TAL metals, suspended and dissolved solids, and hardness.  
Sediments were analyzed for VOCs, SVOCs, pesticides/PCBs, TAL metals, TOC, 
grain size, and percent solids.  Low levels of some pesticides were found, and As, 
Cd, Cr, Cu, Pb, and Hg exceeded Ontario Sediment Guidance (OSG) criteria. 

[1] 
 

12. December 1994.  Phase I – Initial Site Investigation Plastic Distributing 
Corporation, Bligh Street Facility, Ayer, MA.  Quincy, MA.   Green 
Environmental, Phase I investigation of the tannery site.  Four soil borings were 
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taken during the installation of four shallow monitoring wells between the filled-
in cove and the former tannery site, and five subsurface soil samples were 
collected from borings in the same area.  Elevated concentrations of metals were 
found in soil, and both metals and organics were found in groundwater (TPH, As, 
Ba, Cr, Pb, Hg in soil; As, Cr, Pb, Hg, xylene, TCE in groundwater). 

[1] [2] 
 

13. February 1995.  Final Feasibility Study:  Shepley's Hill Landfill Operable Unit, 
Data Item A009. Prepared by ABB-ES, Inc., for US Army Environmental Center, 
Aberdeen Proving Ground, Maryland.   

 
This study includes discussion and analysis of remedial alternatives, summary of 
groundwater modeling results. 

[1] [3] 
 

14. February 1995. Final Grove Pond Site Investigation Work Plan, Data Item A004. 
Prepared by ABB-ES, Inc., for US Army Environmental Center, Aberdeen 
Proving Ground, Maryland.   

 
Tabulated data from Dec. 93 RI are contained in this document. 

[1] [3] 
 

15. February 1995.  Final Feasibility Study Shepley Hill Landfill.   
[1] 
 

16. April 1995.  RAO Statement and Supporting Documentation.  Prepared by 
Handex of NE, Inc.  for NYNEX, Boston, MA.   

[1] 
 
17. April 1995.  Lower Cold Spring Site Investigation Data Package.   
 

The December 1995 report updates this report 
[1] 
 

18. May 1995. Detailed Flow Model for Main and North Post, Fort Devens, 
Massachusetts.  Prepared by Engineering Technologies Associates, Inc. (ETA) for 
commander, US Army Toxic and Hazardous Materials Agency.  Ellicott City, 
Maryland. 

 
This report documents a numerical model for the basewide groundwater 
hydrology, including a Zone II delineation for the Devens Grove Pond water-
supply wells.  

[3] 
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19. June 1995.  Final Delivery Order Work Plan: Predesign Investigations, Areas of 

Contamination (AOCs) 4, 5, and 18, Shepley's Hill Landfill, Fort Devens, 
Massachusetts.  Prepared by Stone & Webster Environmental Technology & 
Services for US Army Corps of Engineers, New England Division. 

[3] 
 

20. September 1995.  Railroad Roundhouse Supplemental Site Investigation, Data 
Item A009. Prepared by ABB-ES, Inc., for US Army Environmental Center, 
Aberdeen Proving Ground, Maryland.   

 
Four shallow sediment samples were collected for confirmation of the 1993 data.  
In addition, 46 shallow soil samples were taken from 15 test pits and analyzed for 
SVOCs, inorganics, and TOC.  Two new water-table monitoring wells were 
installed downgradient of the roundhouse, and two rounds of sampling two 
existing and the two new wells were conducted.  Analytes included SVOCs and 
total and dissolved metals. 

 
In sediment data, low levels of 13 SVOCs were reported.  In addition, 
exceedances of sediment criteria for As, Cr, Cu, Fe, Pb, Hg, Ni, and Zn were 
found; it was concluded that disposal of maintenance by-products near pond was 
responsible for elevated Sb, Cu, and Pb.  Soils from the maintenance by-products 
disposal area also reported As (barely), Ba, Cr, Cu, Pb, V, Sn, Zn higher than 
background.  Concentrations of inorganics from soil samples taken near the 
railroad roundhouse and turntable area were not exceptionally high in comparison 
to background values.  Groundwater samples did not indicate evidence of site-
related contamination.  Preliminary Risk Evaluations indicated potential risk to 
human health and to ecological receptors due to SVOCS and the presence of 
elevated levels of inorgranics (Sb, As, Cu, Pb, and Sn) in soils and near-shore 
sediments.   The observed levels of Sb, Cu, and Pb are attributed to disposal of 
maintenance by-products.  It is noted that the Army uses site-specific background 
concentrations to evaluate contamination at the roundhouse site, according to the 
Massachusetts Contingency Plan (MCP) definition of “background,”  which 
includes “…fill materials containing…coal ash.”   The MCP definition thus 
precludes the identification of elements uniquely attributable to coal ash as 
COPCs. 

[1] [3] 
 

21. October 1995. Draft Plow Shop Pond and Grove Pond Sediment Evaluation, Data 
Item A009. Prepared by ABB Environmental Services, Inc., for US Army 
Environmental Center, Aberdeen Proving Ground, Maryland.   

 
Vol. I, Sections 1.0 - 8.0.  Summary of previous risk assessments; toxicity testing; 
and field investigation results:  Grove Pond sediments (SVOCs, pesticides, PCBs, 
metals, Hg, TOC), surface soils and surface waters;  Plow Shop Pond sediments 
(metals, pH, TOC, Hg), pore water (metals, Hg), and acid-volatile sulfides and 
simultaneously extracted metals.   
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Analyses are reported for 65 sediment samples from 48 locations at Grove Pond; 
71 sediment samples from 28 locations in Plow Shop Pond.  Grove Pond sediment 
samples reported exceedances of As (up to 1300 µg/g), Cr (47000 µg/g), Pb (up to 
1760 µg/g), and Hg (220 µg/g).  The Preliminary Risk Evaluation (PRE) 
conducted by Army at that time reported that these four metals exceeded human 
health screening values. 
 
Vol. II, Appendices A-M: details of toxicity testing, water quality parameters, 
grain size analysis, data quality evaluation. 

[1] [3] 
 
22. December 1995.  Draft Long Term Monitoring and Maintenance Plan, Shepley's 

Hill Landfill, Fort Devens, Massachusetts.  Prepared by Stone & Webster 
Environmental Technology & Services for US Army Corps of Engineers, New 
England Division. 

 
Establishes baseline concentrations in downgradient groundwater (VOCs and 
inorganics, data in Appendix B); data are from RI sampling in Aug. and Dec. 
1991 and supplemental RI sampling in March and June 1993. 

[3] 
 

23. December 1995.  Monitoring Well Installation Final Work Plan: Shepley's Hill 
Landfill Areas of Contamination (AOCs) 4, 5, and 18, Fort Devens, 
Massachusetts. Prepared by Stone & Webster Environmental Technology & 
Services for US Army Corps of Engineers, New England Division. 

[3] 
 

24. December 1995.  Lower Cold Spring Brook Site Investigation Report, Data Item 
A009, prepared by ABB-ES for US Army. 

[1] [2] 
 

25. March 1996. Groundwater Model Update Report, Predesign Investigations, Areas 
of Contamination (AOCs) 4, 5, and 18, Shepley's Hill Landfill, Fort Devens, 
Massachusetts. Prepared by Stone & Webster Environmental Technology & 
Services for US Army Corps of Engineers, New England Division. 

 
Contains revisions to previous MODFLOW results, boring logs, slug test results, 
daily reports. 

[3] 
 

26. March 1996.  Close out Report – Shepley Hill Landfill.   
[1] 
 

27. January 1997.  1996 Annual Report – Shepley Hill Landfill. 
[1] 
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28. January 1997.  Letter Report:  Revised Zone II Delineations for Devens Water 
Supply Wells.  January 20, 1997.  From Earth Tech to A. Delaney, Municipal 
Engineer.   

 
Modified previous Zone II delineation (determined from MODFLOW results) 

[3] 
 

29. June 1997.  Hartnett Tannery Site, Ayer, Middlesex County, Massachusetts Site 
File.  Prepared by Roy F. Weston, Inc. for EPA.  Soil samples were collected 
from 19 pits on PDC property.  Findings included PCBs (110 mg/kg) in one pit; 
also, As, Cr, Cu, Pb, Hg, Ni, V, and Zn were reported above background 
concentrations in one or more samples.  Maximum values reported for these 
elements are:  As, 5520 mg/kg; Cr, 18000 mg/kg; Cu, 2560 mg/kg; Pb, 618 
mg/kg; Hg, 4.3 mg/kg, Ni, 50.6 mg/kg, V, 161 mg/kg; and Zn, 867 mg/kg. 

[1] 
 

30. August 1997.  Data reported to Massachusetts DEP.   PDC Surficial Soil 
Sampling: EPA 24 surface soil samples were collected and analyzed for metals 
and PCBs.  No PCBs reported, and metals appeared to be low except for one 
sample. 

[1] 
 

31. August 1997.  Data reported to Massachusetts DEP.   Town of Ayer Grove Pond 
water-supply well sampling by the Ayer Department of Public Works.  Raw water 
was sampled but found to contain no inorganics exceeding MCLs. 

[1] 
 

32. December 1997. Plow Shop Pond and Grove Pond Ecological Impact Evaluation, 
Fort Devens, Massachusetts.  Prepared by TRC Environmental Corporation for 
MADEP.  TRC conducted an ecological evaluation of Grove Pond and Plow Shop 
Pond and concluded that metals concentrations in sediments would likely impact 
ecological receptors.  

[1] 
 

33. February 1998.  Draft Five Year Review: Shepley's Hill Landfill Long Term 
Monitoring, Devens, Massachusetts. Prepared by Stone & Webster Environmental 
Technology & Services for US Army Corps of Engineers, New England Division. 

 
Contains groundwater-monitoring results: groundwater elevations for 5 years; 
chemical data only for spring and fall 1997. 

[3] 
 

34. April 1998.  Memo to J. Regan (MADEP) from S. Heim (TRC ecologist), Review 
of AVS/SEM Sampling Results, Grove Pond Sediment, Fort Devens, 
Massachusetts.   Ten sediment samples from Grove Pond were collected and 
analyzed for acid-volatile sulfide and simultaneously extractable metals 
(AVS/SEM).  All samples exceeded sediment criteria for Cr, and five samples 
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exceeded criteria for Pb.  Samples with the highest metals concentrations came 
from locations near the tannery site, e.g. Cr at 24931 mg/kg; Pb at 437 mg/kg. 

[1] [2] 
 

35. August 1998:  ATSDR consultation for Fish and Sediments.  ATSDR concluded 
that residents of the Town of Ayer are not at risk due to limited exposure.  A fish 
advisory went into effect, and Grove Pond was posted “Catch-and-Release.” 

[2] 
 

36. August 1998.  Final 5 year Review- Shepley Hill Landfill.   
[1] 
 

37. August 1998.  Evaluation of Health Concerns Associated with Drinking Water 
from Grove Pond Wells, Fort Devens, Ayer, Middlesex County, Massachusetts.   
US Department of Health and Human Services, Public Health Service, ATSDR.  
In this consultation regarding groundwater from the Town of Ayer Grove Pond 
water-supply wells, ATSDR concluded that residents of the Town of Ayer are not 
at risk of exposure to harmful levels of metals from the water-supply wells, and 
future problems were not anticipated. 

[2] 
 

38. November 1998.  Surface Water & Sediment Sampling Fort Devens Superfund 
Site Ayer, MA.  Submitted to EPA by ESAT.   

[1] 
 

39. 1999. USEPA Screening Level Ecological Risk Assessment, Fort Devens, Ayer, 
Massachusetts. USEPA, Region 1 New England, Office of Environmental 
Measurement and Evaluation. 

 
Surface water and sediment samples were collected from Grove Pond, Plow Shop 
Pond, and Nonacoicus Brook. 

[1] [3] 
 

40. October 21, 1999.  Field Work and Analytical Results, PDC, Ayers.  
Environmental Compliance Services (ECS) installed 5 MWs & 2 seepage meters 
at the PDC site (RTN 2-10138) and summarized the investigation in a memo 
format.  Unknown if the investigation was performed for DEP or for privately. 
Included in the memo is:  soil descriptions, gw elevations & analytical results for 
metals, PCBs, pesticides, EPH & SVOCs. 

[1] 
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41. July 2000.  Phase II Subsurface Investigation, One Bligh Street, Ayer, 

Massachusetts.  Prepared for Nextel Communications by Sage Environmental.  
Two soil borings were sampled during installation of two groundwater-
monitoring wells.  Groundwater was analyzed for EPH, VOCs, PCBs, and 13 
metals.  Soils exceeded MADEP Method 1, S-2 standards for As and Hg.  In 
groundwater, exceedances of the MCP Method 1, GW-2/GW-3 standard for Pb 
were found. 

[1] [3] 
 

42. July 2000.  Draft Shepley Hill Landfill Supplemental Groundwater Investigation.  
[1] [2] 
 

43. September 2000. Limited Environmental Investigation, Plastic Distribution 
Company, One Bligh Street, Ayer, Massachusetts.  Prepared by Environmental 
Compliance Services, Inc., for MADEP.  

 
MADEP Phase II investigation of Hartnett Tannery was completed in September 
2000.  Data from surface water, sediments, monitoring wells, soil borings, 
piezometers, and seepage meters are reported.  

[1] [3] 
 

44. September 2000. Trace Element Exposure in Benthic Invertebrates from Grove 
Pond, Plow Shop Pond, and Nonacoicus Brook, Ayer, Massachusetts.  Prepared 
by US Fish and Wildlife Service for USEPA in response to a request by EPA for a 
limited screening-level contaminant study of mussels and crayfish.  The 
investigators found As, Cd, Cr, and Hg in all mussel samples, and Hg in 9 
samples out of 12.  In crayfish, As, Cd, Hg, and Pb were not found to be elevated 
compared to results reported in scientific literature. 

[1] [3] 
 

45. September 2000.  RAM Plan for 30 Faulkner Drive, Ayer, MA.  Prepared by 
ENSTRAT Strategic Environmental Services for MADEP.   

[1] 
 

46. January 2001.  Data Report, Metals in Frog Tissue. U.S. EPA Office of 
Environmental Measurement and Evaluation, Lexington, MA. February 2001.  

 
Frog tissue analyses are reported. 

[1] 
 

47. January 2001.  Study Area 71 Former Railroad Roundhouse Site, Various 
Removal Actions-Phase II, Devens, Massachusetts.  Prepared by Roy F. Weston 
for the U.S. Army Corps of Engineers. 

 
This is the final closure report.  Under a separate report, the U.S. Army intends to 
perform a site-specific risk evaluation to support a No Further Action Decision. 

[1] [2] [3] 
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48. April 2001.  Final Report Bioavailability and Potential Effects of Mercury and 

Selected Other Trace Metals on Biota in Plow Shop and Grove Ponds, Fort 
Devens, Massachusetts.  Prepared by T. A. Haines and J. R. Longcore (USGS) for 
EPA.   

 
Analyses of surface water, sediment, invertebrates, tree swallow tissues are 
reported. 

[1]  
 

49. April 2001.  RTC on Draft Shepley Hill Landfill Supplemental Groundwater 
Investigation   

[1]  
 

50. May 2001.  Shepley Hill Landfill Long Term Monitoring and Maintenance – 2000 
Annual Report.  Includes RTC on 1999 Annual Report. 

[1] 
 

51. August 2001. Paleolimnological Assessment of Grove and Plow Shop Ponds, Fort 
Devens, Ayer, Massachusetts.  Prepared for USEPA by Norton, S.A. (University 
of Maine). 

 
In this study, cores from Grove, Plow Shop, and Spectacle Ponds were analyzed 
for stable Pb isotopes, and As, Cd, Cr, Hg, Ni, Pb, and Zn content.  Conclusions 
state that high accumulation rates and elevated concentrations in Grove and Plow 
Shop Ponds indicate anthropogenic impact.  The report also concluded that As is 
entering Plow Shop Pond from the southwestern side; Cd, Ni, Pb, and Zn enter 
the system from the eastern end of, or upstream of, Grove Pond; and Cr, Cu, and 
Hg come from the Tannery cove of Grove Pond. 

[1] [3] 
 

52. August 2001.  Semi-Annual Groundwater Analytical Data Report, Spring 2001, 
Shepley’s Hill Landfill Long Term Monitoring, Devens, Massachusetts.  Prepared 
by Department of Army New England District, Corps of Engineers, Concord, 
Massachusetts 

[1] [2] 
 

53. January 2002. Draft No Further Action Decision Under CERCLA, Study Area 71, 
Railroad Roundhouse, Devens Reserve Forces Training Area, Devens, 
Massachusetts.  Prepared for U.S. Army Corps of Engineers by Harding ESE, 
Inc.. 

 
In this study, the human health & ecological risk evaluation is included. 

[1] 
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54. February 2002. Revised Draft Shepley’s Hill Landfill Supplemental Groundwater 
Investigation, Devens Reserve Forces Training Area, Devens, Massachusetts.  
Prepared for U.S. Army Corps of Engineers by Harding ESE, Inc. – 2 volumes 

 
[3] 
 
 

55. May 1999 Phase I Work Plan through March 2002 Grove Pond Arsenic 
Investigation --- Phase I report (GF, 1999) includes data for metals, anions and 
alkalinity, and water quality parameters from 68 groundwater samples.  Phase I 
activities involved only the Town of Ayer production wells, which were added to 
the Town water-supply system in July 1998; four existing monitoring wells 
(installed for a pump test in 1992) screened at the production horizon; two 
existing monitoring wells on MNG property; and eight surface water samples 
from Grove Pond.  Arsenic was detected at low levels (< 10 µg/L) in surface 
waters and in the production wells at levels of ~20 to 30 µg/L.  Phase II (GF, 
2002) installed five new monitoring wells, with screen depths varying from the 
top of the water table to within bedrock.  Close-interval sampling of soil and 
groundwater was conducted during installation of three of these monitoring wells 
and from a borehole in the pond, offshore from the production wells.  Hydraulic 
characteristics were determined from slug tests performed during well installation 
and from grain-size analyses. Results show marked heterogeneity in the aquifer.   
Conductivity is generally lower in the upper 40 feet of the aquifer, due to higher 
silt content, and higher through the sand-gravel interval in which the Town wells 
are screened.  Groundwater chemistry is also consistent with the hydraulic 
properties of the aquifer.  The upper ~40 feet are characterized by low oxidation-
reduction potential (ORP); below ~45 feet, ORP is positive (through the screened 
interval) but becomes reducing again near and into bedrock.  Dissolved arsenic 
increases with depth in the upper 40 feet, to a maximum of 189 µg/L  around 45 
feet below ground surface, and drops to levels near detection limits below this 
depth.  The correlation between groundwater ORP, arsenic, and iron points 
strongly toward reductive dissolution of ferric oxyhydroxide coatings on aquifer 
material, with subsequent release of sorbed constituents, as the mechanism 
responsible for the observed arsenic in the Town wells.  The ultimate arsenic 
source has been tentatively attributed to arsenic-bearing sulfide minerals (pyrite 
and cobaltite), which have been identified in samples of bedrock from beneath 
these wells.  Glacial and post-glacial physical and mechanical weathering of these 
sulfide phases is postulated to have resulted in the present-day distribution of 
arsenic and other metals through the aquifer. 

 
 

56. Data from U.S. EPA investigations in 2004 and 2005.  Grove Pond data included 
6 surface water samples (total and dissolved metals, pesticides/PCBs), 15 
sediment samples (metals), 3 sediment samples (metals, pesticides/PCBs, and 
PAHs), 4 fish samples (metals and pesticides/PCBs), and toxicity data for surface 
water invertebrates, benthic invertebrates, and fish.  Plow Shop Pond data 
included 10 surface water samples (total and dissolved metals, pesticides/PCBs), 
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28 sediment samples (metals), 11 sediment samples (metals, pesticides/PCBs, and 
PAHs), 4 fish samples (metals and pesticides/PCBs), and toxicity data for surface 
water invertebrates, benthic invertebrates, and fish.  Flannagan Pond data 
included 1 surface water sample (total and dissolved metals, pesticides/PCBs), 2 
sediment samples (metals, pesticides/PCBs, and PAHs), 3 fish samples (metals 
and pesticides/PCBs), and toxicity data for surface water invertebrates, benthic 
invertebrates, and fish. 
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SANBORN MAP REVIEW
GROVE AND PLOW SOOP PONDS

General Services Agreement

1U9 SANBORNMAP

1: B&M Rail Road Passenger Station and freight house located to the east-north east
of Plow Shop Pond.

Al: G.V. Moore Lumber Company located to the northwest of Plow Shop Pond,
property abuts the ponds edge.

A2: G.V. Moore Lumber Company located to the north of PJow Shop Pond along the
north side of the railroad tracks. This property lies along the eastern and western
banks of a tributary draining into Plow Shop Pond,

B; Cabinet Manufacturer located to the northwest of Plow Shop Pond on ShirJey
Street.

C: Plastic Goods Storage located to the northwest of Plow Shop Pond on Mechanic
Street

D: E.O. Proctor Garage (repair shop) wiih attached movie theater to the north and
photo shop to the east. Located to ths north of Plow Shop Pond along the north
side of West Main Street atong ths east bank of an un-named tributary draining
into Plow Shop Pond.

E: Coal Yard Farm Service Company located 10 the north of Plow Shop Poad.

F: Chandler Machine Company located to the northeast of Plow Sruop Pond.

G: Ayer Tanning Company, Inc. located to the east of Plow Shop Pond and north of
Grove Pond.

International Purchasing Company Rope Storage. North of the tannery on Bieigh
Road facility consists of three main buildings including a paper pulp storage
building.

J: Paint Tin Shop located to the north of Plow Shop Pond

K; Vacant

*The area to the north of Grove Pond and west of School and Flannagan Ponds is
primarily residential.

•



SAJVBORN MAP REVIEW
GROVE AND PLOW SHOP PONDS

General Services Agreement

1921 SANBORN MAP

I: B&M Rai 1 Road Passenger Station and freight house located to the east-northeast
oFPIow Shop Pond.

Ah L. W. Phelps Sawmill - Upper Mffl located to the northwest of Plow Shop Pond,
property abuts the ponds edge,

A2: L. W. Phelps Wooden Box Factory - Lower Mill located to the north of Plow
Shop Pond along the north side of the railroad tacks. This property lies along the
eastern and western banks of an un-named tributary draining into Plow Shop
Pond.

8: Data unclear on Sanbom Map but appears to have changed from a cabinet
manufacturer to a wholesaler of scree type.

C: ARMY YMCA Main Hall located to the northwest of Plow Shop Pond on
Mechanic Street.

D: E.O. Proctor Garage (repair shop) in a plaza with a movie theater to the north.
Located to the north oFPlow Shop Pond along the north side of West Mam Street
along the eastern bank of an un-named tributary draining into Plow Shop Pond.

E: J. Cushing Coal Yard: located to the north of Plow Shop Pond.

F: Unoccupied building "to be a machine shop".

G: Eugene Barry and Sons Tannery located to the east of Plow Shop Pond and north
of Grove Pond.

H; Ayer Machine Tool Company (not in operation) located north of the tannery on
i i Road.

K: Fays Phipps Company Wholesale Hardware.

*The area to the north of Grove Pond and west of School and Flajinagan Ponds is
primarily residential.



SANBORNMAP REVIEW
GROVE AND PLOW SHOP PONDS

GeneraJ Services Agreement

BJ2 SANEORNMAP

1: B&M Rail Road Passenger Station and freight house located to the east-northeasr
of Plow Shop Pond.

At: L. W. Phdps Sawmill - Upper Mill located to the northwest of Plow Shop Pond,
property abuts the ponds edge.

M: L. W. Phelps Box Factory - Lower Mill located to the north of Plow Shop Pond
along the north side of the railroad tracks. This property lies along the eastern and
western banks of an un-named tributary draining into Plow Shop Pond.

B: Vacant lot

C: Vacant lot.

D: Small un-named garage and maintenance shop along the eastern bank of an un-
named tributary draining into Plow Shop Pond.

D2; Fredrick; Whitney Carriage Hoitse (with paint or print shop unclear on map),

E: A.E. Lawrence and Sons Coal Shop located to the north of Plow Shop Pond.

F: Vacant lot.

G Eugene Barry and Sons Tannery located to the east of Plow Shop Pond and north
of Grove Pond.

H: Chandler Company Manufacturer of special machinery located north of the
tannery on Bleigh Road.

[: Standard Oil Co. Depot south of Shirley Street.

J: Tobacco shop and restaurant on Merchants Way, north of Plow Shop Potfd.

K: Hayhes Piper Company Cider Manufacturer located to the east of L.W. Phelps
Lower Mill.

* The area to the north of Grove Pond and west of School and Flannagan Ponds is
primarily residential.



SANBORN MAP REVIEW
GROVE AND PLOW SHOP PONDS

Genera] Services Agreement

1W2 SANBORN MAP

* The 1902 Sanborn Map shows Plow Shop Pond extending further north almost to
the railroad tracks (prior to filling of the pond). This map also identifies the
tributary' leading to Plow Shop Pond from the north as Nanacaniciis Brook.

1: B&M Rail Road Passenger Station and freight house located to the east-northeast
of Plow Shop Pond.

Al: L. W. Phelps Sawmill - Upper Mill located to the northwest of Plow Shop Pond,
property abuts the ponds edge (waste shed on the banks of the pond). Also, K. + C
Manufacturer Company - manufacturers wood rims for bicycles and automobiles
building located to the east of L.W. Upper Mill.

A2: L. W. Phelps Box Factory - Lower Mill Located to the north of Plow Shop Pond.
This property lies aiong the eastern and western banks of Nanacanicus Brook.
North of L.W. Lower MiJl is E.O. Proctor Machine Shop and Bicycle Repair.

B: Fitthburg Rail Road Round House.

C: Vacant lot

D: Vacant Jot.

D2: Fredrick Whitney Carriage House.

E: Carriage Farm.

G; Eugene Barry- and Sons Tannery located to the east of Plow Shop Pond and north
of Grove Pond_

H: ChandJer Company, manufacturer of speciaf machinery and Aver Preserving
Company locaied further north on Bleigh Street.

I: J, T. PiUman Preserve Co. located along the west side of Nanacanicus Brook.

* The area 10 the north of Grove Pond and west of School and Flannagan Ponds is
primarily r^sidemial. Also, the Nashoba Manufacturer of Dyelnc Mordant was
located somewhere along the western banks of Plow LShop Pond (near a wooden
bridge) the exact location could not be determined from the map.



SANBORN MAP REVIEW
GROVE AND PLOW SHOP PONDS

General Services Agreement

1197SANBORX MAP

* Both Plow Shop and Grove Ponds were identified on this map as Tannery Pond,

\: E&M Rai! Road Passenger Station with freight house and ooal sheds are located
to the east-northeast of Plow Shop Pond.

All L.W. Phelps Sawmill - Upper Mill located to the northwest of Plow Shop Pond,
property abuts the ponds edge? (waste shed on the banks of the pond). Also, Chris
H. Moultou Shoe factory was located to the east of L. W. Upper Mill.

A2\ L. W. Phelps Box Factory - Lower Mill located to the north of Plow Shop Pond
along the north side of the railroad tracks. This properly lies along the eastern and
western banks of NTanaomiicus Brook.

B: Fitchburg Rail Road Round House.

C; Vacant lot.

D: Vacant lot.

D2; Fredrick Whitney Carriage House.

E: Carriage House.

G: Alley Brothers PJacc Tannery located to the east of Plow Shop Pond and north of
Grove Pond.

H: Aycr Foundry Company. Northeast of the foundry was Sigsheen Company and.
E.O. Proctor Machine Shop all located north of the tannery en. Bleigh Road,

I: Whitcher Pillman Company Preserves Manufacturer locared along the west side
of an un-named tributary to Plow Shop Pond.

K: W J. Piper Company Vinegar Manufacturer.

* Area, to the north of Grove Pond and west of School and Flannagan Ponds is pritnarily
residential. Also, the Nashoba Manufacturer of Dyelnc Mordant was located somewhere
along the western banks of Plow Shop Pond (near a wooden bridge) the exact iocation
could not be determined from the map.



SAJVBORN MAP REVIEW-
GROVE A?N'D PLOW SHOP PONDS

General Services Agreement

H92 SAISBORtSMAP

*Both Plow Shop and Grove Ponds were identified on this map as Tannery Pond

I: B&M Rail Road Passenger Station with, freight house and coal sheds located to
the east-nonh east of Plow Shop Pond,

A\: L.W. Pheips Sawmill - Upper Mill located to the northwest of Plow Shop Pond,
property abuts the ponds edge (waste shed on the banks of the pond). Also, Chris
H. Moulton Shoe factory was located to the east of L.W. Upper Mill.

AZ: L, W. Phelps Lumber Yard located to the north of Plow Shop Pond along the
north side of the railroad tracks. This property lies along the eastern and western
banks of sin uc-named brook.

B: Fitehburg Rail Road Round House.

C: Vacant lot,

D: Vacant lot,

D2: Fredrick Whitney Carriage House.

E: Carriage flouse.

G: Alley Brothers Place Tannery located to the east of Plow Shop Pond and the north
of Grove Pond.

H D.L. G. H Chandler Foundry.

I: Vacant let.

K: WJ.PiperCompanyVinegarMaTiu facturer.

* A*ea 10 the north of Grove Pond and west of School and Flannagan Ponds is
primarily residential.



SANBOR.\ _\IAP REVIEW
GROVE ANB PLOW SHOP PONDS

General Services Agreement

US7 SAi\BORN MAP

* Both Plow Shop and Grove Ponds were identified on ihis map as Tannery Pond
and the iributary was identified as Moss Brook.

1: B&M Rail Road Passenger Station with freight house and coal sheds located to
the east-northeast of Plow Shop Pond.

Al: No coverage.

AZ: L. W. Phelps Saw MJII and Ayer Furniture Company. TTiese properties lie
the eastern and western banks of Moss Brook.

B: Fitchburg Rail Road Round House,

C Vacant lot.

D: Vacant lot-

Dl: Fredrick Whitney Carri age Ho i ise.

E; FLUniture Store.

G: Alley Brothers Place Tannery locaied to the east of Plow Shop Pond and north of
Grove Pond.

B: Briggs and Kdly Foundry and Machine Shop.

* The area to the north of Grove Pond and west of School and Flannagan Vonds is
primarily residential.
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1.0   INTRODUCTION 
 

The U.S. Environmental Protection Agency (USEPA) directed Gannett Fleming, Inc. (Gannett 

Fleming) to prepare this Human Health Risk Assessment (HHRA) Report as part of the Grove and 

Plow Shop Ponds Expanded Site Investigation (ESI).  This report is in response to the Task Order 

#01 to Contract EP-W-05-020, Remedial Oversight of Activities at Fort Devens Plow Shop and 

Grove Ponds. The objective of the human health risk assessment is to provide a quantitative estimate 

of risk posed to humans potentially exposed to Grove Pond and Plow Shop Pond.  The location of 

this site is shown on Figure 1. 

 

To assess potential public health risks, three major aspects of chemical contamination and exposure 

must be considered: 1) the presence of chemicals with toxic characteristics; 2) the existence of 

pathways by which human receptors may contact site-related chemicals; and 3) the presence of 

human receptors.  The absence of any of these three aspects would result in an incomplete exposure 

pathway and an absence of quantifiable risk. 

 

The human health risk assessment consists of five major components: 

 

• Hazard Identification : Evaluate data usability, data quality and select contaminants of 

potential concern (COPC) (Section 2.0) 

• Exposure Assessment: Identify potential receptor populations and completed exposure 

pathways.  Determine exposure point concentrations for all COPCs, and present exposure 

equations and input parameters to be used to estimate chemical intakes (Section 3.0) 

• Dose-Response Assessment: Identify chemical-specific toxicity criteria to be used for 

quantifying potential human risks. (Section 4.0) 

• Risk Characterization: This section presents methods for calculating noncarcinogenic and 

carcinogenic risks for each receptor and provides summaries of the results of the site-specific 

risk evaluations. (Section 5.0) 

• Uncertainty Analysis: Discuss both inherent and study-specific uncertainties in the risk 

assessment process and potential impacts on risk assessment conclusions. (Section 6.0) 

 

The HHRA was performed following standard USEPA guidelines including the following 

documents: 

  

• Risk Assessment Guidance for Superfund (RAGS), Volume I, Part A (USEPA, 1989) 

• RAGS, Volume I, Part D (USEPA, 1998) 

• RAGS, Volume I, Part E, Dermal Risk Assessment Interim Guidance (USEPA, 2004) 

• Standard Default Exposure Factors (USEPA, 1991) 

• Exposure Factors Handbook (USEPA, 1997a) 

• Calculating Upper Confidence Limits for Exposure point Concentrations at Hazardous 
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Waste Sites (USEPA, 2002) 

• Supplemental Guidance to RAGS: Region 1 Risk Updates 1 through 5 

 

Additional guidance was obtained from Massachusetts Department of Environmental Protection 

(MADEP) (MCP 1994, 1995, 1996a,b, 1997, 1988, 1999, 2000, 2002a,b,c) to supplement USEPA 

guidance. A complete list of references for the human health risk evaluation is provided at the end of 

this chapter. The majority of the tables to be included in this section are analogous to the standard 

tables required by the recent Risk Assessment Guidance for Superfund: Part D (RAGS Part D) 

(USEPA, 1998).  Data fields to be included in the tables presented in this risk assessment include the 

majority of data fields specified in the RAGS Part D guidance. The five human health risk 

assessment components are presented in the following sections. 

 

 

2.0 HAZARD IDENTIFICATION 
 

The goal of the hazard identification step is to develop a list of chemicals of potential concern 

(COPCs) for each environmental medium under consideration.  Data for the human health risk 

assessment were obtained from a number of studies.  Data were evaluated for data quality, data 

validation procedures were reviewed for historical data or performed for 2004-2005 data and suitable 

data were then compiled into a data set to be used for identification of COPCs.  

 

2.1 Data Evaluation 

 

For the Grove Pond site, data evaluation was performed in two stages.  As part of the Data Gap 

Evaluation Report (Gannett Fleming, 2002) investigations of the study area and surrounding 

properties were evaluated for data quality.  The majority of the reports were obtained from the 

BRAC library located at Fort Devens. Other sources of reports included the MADEP Central 

Regional office and the Town of Ayer public library. Approximately 55 documents were acquired 

and are maintained in the Gannett Fleming library in Newton, Massachusetts. A listing of these 

documents with brief descriptions is included in Appendix D of the Data Gap Evaluation Report 

(Gannett Fleming, 2002). The historical data considered for use in this HHRA were obtained from 

studies deemed useable for risk assessment in the Data Gap Evaluation Report (Gannett Fleming, 

2002).  Subsequent to the development of the Data Gap Evaluation Report (Gannett Fleming, 2002), 

supplemental samples were collected in 2004 and 2005 to address data gaps previously identified.  

Data used in this human health risk assessment represent a compilation of the historical data 

identified as suitable for use in the Data Gap Evaluation Report (Gannett Fleming, 2002) and the 

data collected as part of the Expanded Site Investigation (ESI) by Gannett Fleming in 2004 and 2005. 

  

For the historical data, the laboratory analytical data were reviewed for data quality and usability for 

this risk assessment (DURA). The DURA process, a multi-step process designed by USEPA (1989) 

and (1992 a,b) involves assessing overall data quality and the usability of data for performing a 
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quantitative risk assessment and selection of COPCs for the human health risk assessment (HHRA) . 

However, because the majority of the reports used for database input did not include laboratory 

analytical reports, it was not possible to complete all the formal DURA steps for the HHRA.   

 

Some historical reports lacked analytical reports for each sample.  However, the data were deemed 

usable owing to the original source (usually the US Army Environmental Center) and purpose (data 

were collected to support Remedial Investigations for this area). Where analytical reports were not 

available, summary tables found within the reports were used to compile results.  In some cases, 

contaminant concentrations from summary tables represented laboratory method detection limits; 

however, if there were no notes in the summary tables indicating detection limits, the concentration 

was entered into the database.   

 

Due to the absence or availability of original laboratory data, the data evaluation process for 

historical data was truncated to two major steps with the overall objective being to ensure data of 

sufficient quality to be used to assess potential risks to human health.  Simplified, the data evaluation 

process was performed to two steps:   

 

1) Gather all data available from the site investigation and sort by medium, and 

 

2) Validate and evaluate the data submitted by the laboratory to evaluate acceptability for use in 

the human health risk assessment.  The following section discusses the data validation 

evaluation. 

 

2.2  Data Validation  

 

The purpose of the validation review that was conducted as part of the Data Gap Evaluation Report 

(Gannett Fleming, 2002) was to evaluate the general quality of each data set and to determine the 

usability of the data for the HHRA.  Many reports were used to assemble the analytical database.  

These reports were reviewed to determine and evaluate: 

 

1. The level of data validation or review performed at the time the data were generated, 

2. The analytical protocols and laboratories utilized, and 

3. The availability of Quality Assurance (QA) and Quality Control (QC) information.  

 

The review conducted was similar to an USEPA Region 1 Tier 1 data validation (USEPA, 1996d) 

review in that one of the goals was to determine whether there was enough information provided to 

conduct a higher level of data validation, if desired.   Review of actual QA/QC data (matrix spike 

recoveries, etc.) was not performed during this evaluation, nor were any data qualifiers assigned.  

 

The analytical data were generated over a period of 10 to 11 years, by various laboratories, and for 

many different reasons and entities.  The documentation available for each of the data sets is as 



FINAL 

RISK ASSESSMENT DRAFT REPORT Prepared by Gannett Fleming, Inc. 

Grove Pond and Plow Shop Pond May, 2006 

Ayer, MA  

 

6 

varied as the sources.  It should be noted that none of the data appears to have undergone formal data 

validation as per USEPA data validation guidelines (USEPA, 1996d). In order to be able to justify 

combining any of these data sets, minimum usability criteria were implemented to complete this 

review.  Data were determined to be usable for HHRA purposes under the following conditions: 

 

1. USEPA-approved or equivalent laboratory methods were used, 

2. Data were generated by an USEPA laboratory or under the Army Corp of Engineers 

analytical and review protocols, 

3. Enough QA/QC information was provided in the report to perform a Tier II level data 

validation at some future time, or  

4. USEPA had already reviewed and accepted the data. 

 

If none of the above conditions were met, the data set was assigned a “Not Acceptable” data usability 

code for use in the HHRA. As demonstrated in the Data Gap Evaluation Report (Gannett Fleming, 

2002) the vast majority of the historical data were determined to be usable for characterizing the 

nature and extent of contamination based on the minimum usability criteria.  However, not all data 

were considered usable in the human health risk assessment for various reasons. For example, the 

human health risk assessment does not utilize data from samples that were field filtered or collected 

to support ecological studies.  For more detail regarding the quality and usability of the historical 

data can be found in the Data Gap Evaluation Report, Appendix G (Gannett Fleming, 2002). 

 

 

2.3 Data Compilation 

 

The historical analytical data and the data collected as part of the ESI were subdivided into two study 

areas to assist in risk management decisions.  The study areas are Grove Pond and Plow Shop Pond.  

 

The scope of this project has been limited to pond-related media only.  This decision was reached 

through discussions with the USEPA and as specified in the USEPA Task Request for this project 

(Contract EP-W-05-020 Task Order #01). While groundwater has been collected at the site, risks 

associated with this medium will not be included in the HHRA as there is no direct exposure to 

groundwater in the pond area. The primary purpose of evaluating groundwater in the ESI was to 

assess the impacts of groundwater discharges to the ponds.  Because the surface water and sediment 

are included in the HHRA for risk quantification, the impacts of groundwater to surface water and 

sediment are being addressed indirectly. Soil was also not evaluated as part of the HHRA.  After 

considerable discussion, it was decided that soils adjacent to the pond would not be considered as 

pond-related media. 

 

The media of concern considered in this HHRA include:  

 

• Surface water 
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• Sediment, and  

• Fish tissue 

 

All surface water samples, which passed the data evaluation, were included in this risk assessment.  

The decision to use all surface water samples was based on the fact that a receptor may potentially 

contact any point of surface water in the pond from a boat.  In addition, surface water mixes over 

time and therefore, it would be appropriate to develop exposure point concentrations based on all 

samples collected.  However, further consideration was needed regarding the appropriate subset of 

data to use for sediment and fish tissue. 

 

For sediments, two possible data sets were considered for use: all sediment sampling points and a 

subset of data sampling points identified as near-shore sediments.  It was decided that while 

sediment samples were collected throughout both ponds, the sediments most likely to be available 

for exposure on a routine basis are those located within the near shore area.  The near-shore sediment 

area is defined as the area reaching approximately 75 feet into each pond, as shown on Figure 2.  If 

wading were to occur, it is likely, given the mucky consistency of the sediments and the density of 

the vegetation, that a receptor would not wade farther into the pond than 75 feet from shore.  The 

selection of this area for evaluation does represent an uncertainty and a comparison of analytical 

results between all sediments and near shore sediments is presented in the uncertainty section of this 

risk assessment.  A comparison of the near shore sediment results to all sediment results is presented 

in Table 2-1. 

 

Fish tissue results were available for fillet samples and whole body samples.  Typically, analytical 

results from fillet samples are used in a human health risk assessment since humans primarily 

consume fish fillets rather than whole fish (USEPA 1997a).  Although the results for fish fillets were 

somewhat old (data were from the early 1990s), the differences between fillet results and whole body 

results were great enough that it would not have been appropriate to combine fillet and whole fish 

data (see Table 2-2 and Table 2-3).  As can be seen in Table 2-2 detection frequencies are similar in 

Grove Pond fish between fillets (60% detected) and whole body (64% detected) but, as shown in 

Table 2-3, were lower in fish from Plow Shop Pond fillets (33% detected) compared to whole body 

results (52% detected).  Of possibly greater importance, it appears that concentrations in fillet 

samples were most commonly four times lower in fillets than in whole body samples (see Figure 3 

and Tables 2-2 and 2-3).  Thus, the use of whole body samples, given that the fish ingestion habits of 

humans are relatively well defined and do not include ingestion of whole fish, would likely have 

resulted in a high bias to the risk results.  To avoid this possible inaccuracy, only fish fillet results 

have been used in this human health risk assessment.  The ramifications of the selection of the fillet 

data only for use in the quantitative risk assessment will be further discussed in the uncertainty 

section.  
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Table 2-4 presents a summary of all samples used in the risk assessment for sediment, surface water 

and fish tissue media in Grove Pond and Plow Shop Pond.  The citations for the studies from which 

historical data were obtained are also presented in this table. 

 

2.4  Selection of Chemicals of Potential Concern   

 

This section presents the selection of Chemicals of Potential Concern (COPC) for all environmental 

media utilized in the human health risk assessment.  The selection of COPC was conducted in 

accordance with USEPA (1989, 1994) guidance.  The process is designed to narrow the focus of the 

risk assessment to those contaminants that may pose a threat to human health.  The criteria used to 

limit the list of contaminants for future consideration is described below. 

 

Selection Criteria  

Several steps were involved in identifying COPCs for further risk analysis. 

 

Risk-Based Screening. Contaminants were screened against risk-based screening concentrations in 

order to further focus the risk assessment on the compounds that may have a toxic effect on human 

receptors. Concentrations of chemicals which are below their respective risk-based screening value 

were not retained for further evaluation in the risk assessment. USEPA Region 9 Preliminary 

Remediation Goals (PRGs) were used as the human health screening criteria (USEPA Region 9, 

2004).   The PRGs are screening values that are compiled by using toxicity information to calculate 

contaminant concentrations that will result in a Hazard Index of 1 or an excess lifetime cancer risk or 

1 E-6.  If a contaminant has both carcinogenic and non-carcinogenic toxic effects, the lower 

concentration was selected.  In accordance with USEPA Region 1 guidance, PRG values for 

noncarcinogens were divided by 10 in order to account for the potential additive noncarcinogenic 

effects.  The PRG values available online at the USEPA Region 9 website were used to screen the 

data in the database.   If screening values were not available, the screening value of a similar 

chemical was used as a surrogate screening value, if appropriate.  Values from surrogate chemicals 

used in the COPC screening process are listed in all RAGS D Table 2s. 

 

Surface water concentrations detected in the study area were screened versus tap water PRG values.  

Sediment concentrations detected in the study area were screened versus residential soil PRG values. 

Because USEPA Region 9 has not published PRGs for fish tissue, USEPA Region 3 risk-based 

concentrations (RBCs) for fish tissue were used (USEPA Region 3, 2005).   No comparison to 

background concentrations was performed. 

 

Frequency of Detection.  Chemicals may be deleted from further consideration in the risk 

assessment if they are infrequently detected (USEPA, 1989) or if the infrequent detection is shown 

not to be indicative of a “hot spot.”  Contaminants detected infrequently at high concentrations are 

typically indicative of a hot spot, or highly localized area of contamination. Hot spot data should be 

evaluated in the risk assessment and are not eliminated from further consideration.  However, 
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contaminants detected infrequently and at low concentrations may be an analytical artifact and 

should not be carried through the risk assessment.  Typically, a detected contaminant in less than 5% 

of at least 20 samples at a low concentration may be considered for removal from further 

consideration in the risk assessment, provided that the contaminant is not expected to be present 

based upon historic activities in the site.  

 

Nutrients.  Essential human dietary nutrients were eliminated as COPC.  USEPA guidance considers 

calcium, chloride, iodine, magnesium, phosphorous, potassium and sodium, as essential nutrients.  

These essential nutrients were not retained for further evaluation in the risk assessment.  However, 

the effect of omitting these chemicals from the quantitative risk analysis is discussed in the 

uncertainty section of this report. 

 

Lead. In the case of lead, insufficient information exists to develop risk-based screening values.  

Therefore, the USEPA screening value (USEPA, 1994a) of 400 mg/kg was used to screen soils and 

sediments.   This screening value was selected in accordance with USEPA Region 1 guidance 

(USEPA, November 1996).  No screening was performed for lead found in surface water or fish fillet 

samples. 

 

Re-inclusion of COPCs.  RAGS A discusses the need for a potential reinclusion step during the 

COPC screening process.  Constituents screened may need to be re-included as a COPC for a variety 

of reasons.  For this risk assessment, if one carcinogenic polynuclear aromatic hydrocarbon (PAH) 

was retained during COPC screening then all carcinogenic PAHs were included as COPCs.  

Carcinogenic PAHs derive their toxicity from equivalency factors based on the toxicity of 

benzo(a)pyrene.  Therefore, the effects of all carcinogenic PAHs are additive and it is not appropriate 

to evaluate only a subset of the carcinogenic PAHs present. 

 

The results of the screening process are presented in Tables 2-5 through 2-10.  Metals, PAHs, PCBs 

and DDT/DDD/DDE have been identified as the primary COPCs in surface water, sediment, and fish 

tissue. 

 

Data Management  

In developing a data set for COPC screening, several data management decisions were needed in 

order to process the data.  Field duplicates were screened on the maximum value of a duplicate pair.  

For development of average concentrations for the data set, the duplicates values were averaged then 

input as a single result.  This procedure prevents over representing a single location.   

 

Elevated nondetected values can result if the sample requires dilution.  Sample dilutions may be 

needed owing to matrix interference or if one constituent is present at a greatly elevated 

concentration.  If a nondetected value exceeded two times the maximum the nondetected value was 

not used in the data set.  This procedure was used to avoid the situation where the maximum value 

was not an actual detected value but rather a diluting-derived nondetected result. 
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3.0  EXPOSURE ASSESSMENT 
 

Exposure is defined as the contact of a receptor with a chemical or physical agent (USEPA 1989). 

An exposure assessment is the determination or estimation (qualitative or quantitative) of the 

magnitude, frequency, duration, and route of exposure.  An exposure assessment is composed of the 

following steps: 

 

• Characterization of the environmental setting  (Section 3.1) 

• Summary of the nature and extent of contamination (Section 3.2) 

• Identification of potential receptors and exposure pathways (Section 3.3) 

• Estimation of exposure concentrations (Section 3.4) 

• Estimation of chemical intakes (Section 3.5) 

 

3.1. Characterization of the Environmental Setting 

A summary of the specific aspects of the environmental setting, as they relate to the human health 

risk assessment, is presented below. Characterization of the physical setting includes current land 

uses and characteristics of site with regard to the human health risk assessment.  The purpose of this 

discussion is to identify media that human receptors may contact while at Grove Pond or Plow Shop 

Pond and provide a general understanding of the human exposure setting. 

 

Grove Pond 

Grove Pond is roughly triangular in shape and covers about 60 acres.  The northern shore includes 

the location of the Plastic Distributing Company (PDC, location of former tannery operations), 

Pirone Park owned by the Town of Ayer, and residential properties.  The southeastern shore is 

bordered by property owned by the Town of Ayer.  The southern shore is also bordered by property 

owned by Fort Devens.  Within this area are Devens’ water supply wells, which are currently active 

with treatment.  Immediately beyond the Devens’ shoreline is the Massachusetts National Guard.  

The western edge of the pond is formed by the railroad causeway, owned and operated by Guilford 

Transportation (formerly Boston & Maine Railroad, B&MRR). 

 

Grove Pond is shallow, with maximum water depth approximately 5 to 6 feet, and the water is 

frequently eutrophic, or well nourished by aquatic plant nutrients.  The pond bottom consists largely 

of a thick mat of decomposing vegetation.  Grove Pond receives drainage from Balch Pond, as well 

as from Cold Spring Brook and Bowers Brook, and discharges through a culvert on the western edge 

of the pond into Plow Shop Pond.  Cold Spring Brook is downgradient of Devens.  Bowers Brook 

connects into Cold Spring. 

 

Recreational features of the pond include a playground, a boat ramp with use restrictions and “Catch 

and Release” fishing. The area is designated “Catch and Release” for recreational fishing.  However, 
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witnesses have observed the local population retaining caught fish, presumably for consumption. 

Expected recreational activities would include fishing and wading. Dense vegetation typically 

present on the pond surface would make Grove Pond unattractive for swimming.  There are water 

supply wells and a water treatment plant adjacent to Grove Pond at the southern end.    

 

Plow Shop Pond 

Plow Shop Pond is located downstream and to the west of Grove Pond. Surface water flows from 

Grove Pond to Plow Shop Pond through a culvert. Plow Shop Pond is also a shallow pond and is 

approximately 30 acres.  The central portion of the pond is approximately 8 feet deep, and the 

deepest portion of the pond is reported to be at the northeast arm of the pond.  The water level is 

controlled by a dam located at the northwest corner of the pond where it forms Nonacoicus Brook 

and its associated wetlands, which in turn flows approximately 1.5 miles northwest into the Nashua 

River.  Plow Shop Pond is similar to Grove Pond in regards to the aquatic community; however, 

Plow Shop Pond is smaller and slightly deeper, and the aquatic vegetation tends to be less dense than 

Grove Pond.  (USFW, September 2000) 

 

The northern shore of Plow Shop Pond is bordered by commercial businesses.  The eastern shore is 

the Guilford Transportation railroad causeway.  The southern and western shores include the former 

railroad roundhouse, and woodland and grassland associated with Shepley’s Hill Landfill. 

 

Plow Shop Pond is used recreationally for fishing.  Dense vegetation typically present on the pond 

surface would make Plow Shop Pond unattractive for swimming. There are no residences along the 

pond shore nor are any water supply wells located along Plow Shop Pond. The area is designated 

“Catch and Release” for recreational fishing.  However, witnesses have observed the local 

population retaining caught fish, presumably for consumption. 

 

3.2 Summary of the Nature and Extent of Contamination 

 

Both the Grove Pond and Plow Shop Pond surface water and sediments were analyzed for volatile 

organic compounds (VOCs), semivolatile organic compounds (SVOCs), metals, PCBs and 

pesticides.  The ESI Report describes in detail the nature and extent of contamination for these 

classes of compounds therefore, a brief summary is presented here to provide a general perspective 

of contaminant distribution in these ponds. 

 

Grove Pond 

The analytical results for the Grove Pond sediments indicate that the most frequently analyzed and 

detected class of chemicals included metals, followed by pesticides and PCBs (i.e. primarily DDD, 

DDE, and DDT).  SVOCS and VOCs were the most infrequently detected compounds. 

 

In surface water the most widely and frequently detected class of compounds were metals.  The 

SVOC bis(2-ethylhexyl)phthalate was also detected.  This constituent is a common laboratory 
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contaminant.  Although this constituent was not flagged as blank qualified during data validation, it 

is possible that its presence is related to lab-based contamination rather than from a release of 

hazardous material into surface water.  This is likely given the relatively low solubility of bis(2-

ethylhexyl)phthalate in water. 

 

Constituents found in fish include metals, PCBs and DDD/DDE. 

 

Plow Shop Pond 

The analytical results for the Plow Shop Pond sediments indicate that the most frequently analyzed 

and detected class of chemicals included metals, followed by polycyclic aromatic hydrocarbons 

(PAHs).  Pesticides, VOCs and PCBs were the most infrequently detected compounds found only at 

concentrations which did not exceed screening values. 

 

In surface water the most widely and frequently detected class of compounds were metals followed 

by detections of two VOCs (i.e., likely laboratory artifacts) and one pesticide. 

 

Metals and DDE were the major constituents detected in fillet portion of fish from Plow Shop Pond. 

 

Summary of Conceptual Site Model Development for Arsenic, Cadmium, Chromium, Mercury 

and Lead 

 

Section 5.0 of the ESI Report presents the fate and transport analysis and conceptual site model for 

the sources of arsenic, cadmium, chromium, mercury and lead in Grove Pond and Plow Shop Pond 

sediments.  The results of this section are paraphrased below.   

 

• Arsenic levels were found to be elevated in sediments from both Grove Pond and Plow Shop 

Pond.  The source for the arsenic was concluded to be accumulation from groundwater 

discharge, with elevation in Red Cove sediment probably owing to reduced groundwater 

from the direction of Shepley’s Hill Landfill. 

• Cadmium levels were determined to be elevated in sediments but no-pond related source was 

identified.  General anthropogenic input was determined to be the likely source of elevated 

cadmium in sediments. 

• Chromium levels were found to be elevated in sediments from both Grove Pond and Plow 

Shop Pond.  The levels were strongly attributed to waste discharges from the former tannery 

located on the northwestern shore of Grove Pond. 

• Mercury levels were determined to be elevated in sediments from both Grove Pond and Plow 

Shop Pond.  Also, elevated mercury concentrations were correlated with elevated chromium 

concentrations. 

• Lead levels were not found to be elevated in sediments on a pond-wide bases for either pond. 

However, sediment concentrations of lead were found to be locally elevated in the Tannery 

Cove in Grove Pond and adjacent to the former railroad roundhouse in Plow Shop Pond. 
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3.3 Estimation of Exposure Point Concentrations 

 

According to USEPA guidance (December 1989, May 1992, September 1995, December 2002), risk 

assessments are conducted using a representative Exposure Point Concentration (EPC).  For this risk 

assessment, Exposure Point Concentrations (EPCs) were calculated for COPCs only.   

 

Ideally, the EPC should be the true average concentration within the exposure unit.  The true 

population mean concentrations of the COPCs at a contaminated site are often unknown, and are 

frequently estimated by the respective sample means based upon the data collected from the site 

under investigation. In order to address the uncertainties associated with the estimates of the true 

unknown mean concentrations of the COPCs, appropriate 95% upper confidence limits (UCLs) of 

the respective unknown means are frequently used in many environmental applications. The 

computation of an appropriate 95% UCL of practical merit depends upon the data distribution and 

the skewness associated with the data set under study. The USEPA program ProUCL can be used to 

compute an appropriate UCL of the unknown population mean using a discernible probability 

distribution (e.g., normal, lognormal, gamma) and/or a suitable non-parametric distribution-free 

method.   

 

In December 2002, the USEPA revised the Guidance Document to Calculate the Upper Confidence 

Limits for Exposure Point Concentrations at Hazardous Waste Sites (OSWER 9285.670).  ProUCL, 

Version 3.0 consists of all parametric and non-parametric UCL computation methods as described in 

this revised USEPA UCL Guidance Document. 

 

ProUCL computes parametric UCLs based upon a normal, lognormal, and a gamma distribution. 

ProUCL also computes UCLs using several nonparametric methods. The computation of an 

appropriate UCL of the unknown population mean depends upon the data distribution, therefore 

goodness-of-fit tests need to be performed to assess the data distribution before using one of the UCL 

computation methods available in ProUCL. Based upon an appropriate data distribution and the 

associated skewness, ProUCL provides recommendations about one or more 95% UCL computation 

methods that may be used to estimate the unknown mean concentration of a COPC (USEPA 2004).  

In the development of 95% UCL values for this project, the recommendations provided by the 

ProUCL program were used. 

 

In accordance with Region 1 guidance (USEPA Region 1, 1994), the 95% UCLs were compared to 

the maximum concentration found for each analyte and the smaller of the two was chosen as the EPC 

and used for the dose calculations.  In cases where the data set was small, the maximum 

concentration was used as the exposure point concentration.  

 

Tables 3-1 through 3-6 present the 95% Upper Confidence Limits (UCLs), the Maximum 

Concentrations and the EPC selected for each COPC evaluated in each media evaluated.  
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3.4 Identification of Receptors and Potential Exposure Pathways 

 

An exposure pathway describes the course a chemical or physical agent takes from the source to the 

exposed individual.  A complete exposure pathway generally consists of three elements: (1) a source 

or chemical release from a source, (2) an exposure point where contact can occur, and (3) (4) an 

exposure route (i.e., ingestion) at the contact point.   If any component is missing, the pathway is 

deemed incomplete and not quantitatively evaluated in the risk assessment (USEPA, 1989). 

Elimination of exposure pathways may occur based on professional judgment and evaluation of site-

specific conditions, for example if the probability of exposure occurring is low or if the impact of the 

exposure pathway is expected to minor in comparison to other exposure pathways (USEPA, 1989).  

 

CSM 

Figure 4 presents the conceptual site model (CSM) for the project site to assist in the identification of 

the completed exposure pathways to site-related contamination.  The CSM identifies the primary 

sources of contamination, receiving media, and exposure media, which allows for the identification 

of potential exposure pathways.  

 

Grove Pond 

Based on the information presented earlier, the primary contaminant sources associated with Grove 

Pond include historical discharge of tannery wastes from a former tannery, and potential effects from 

a landfill that was formerly located between the tannery and Grove Pond. In addition, north of the 

tannery were a former foundry and machine shop. East of the former tannery, is Pirone Park, where 

landfilling may have occurred in the past. Other potential sources of contamination to the pond are:  

stormwater runoff from the Guilford Transportation railroad yard and causeway on the 

southern/western shore; historical infilling of portions of the pond’s perimeter; inflow from Cold 

Spring Brook and Balch Pond; and runoff from Fort Devens and the Town of Ayer. Extensive apple 

orchards lie within the drainage basin for the pond, and historical application of arsenic-containing 

pesticides has been suggested as a potential contaminant source.  The contribution of arsenic and 

other metals to pond-bottom sediments by discharging groundwater may be significant. 

 

Plow Shop Pond 

Plow Shop Pond is bordered to the north by commercial properties.  Historical records indicate that a 

lumber company, northwest of the pond had been in operation since 1887 and at least until 1949. 

Other potential sources of contamination to the pond are stormwater runoff from the Guilford 

Transportation railroad and the former Railroad Roundhouse; historical infilling of portions of the 

pond’s perimeter; and Shepley’s Hill Landfill. 

 

Identification of Exposure Pathways 

The CSM, Figure 4 presents the potential receptors and exposure pathways to be evaluated in this 

risk assessment.  The most likely current and future receptors associated with the two ponds include 
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recreational users and recreational fishermen.  Since subsistence fishing may be occurring, a current 

subsistent fisherman is also evaluated.  In addition to fish consumption, the recreational users would 

be exposed to contaminants in surface water and near-shore sediments while wading or fishing in 

Grove Pond. 

 

Selection of Exposure Parameters 

The exposure parameters selected are intended to determine the Reasonable Maximum Exposure 

(RME) for each receptor scenario under current site conditions.  The RME is the highest exposure 

that is reasonably expected to occur at a site.  

 

USEPA has established default exposure assumptions for quantifying theoretical exposure doses of 

site contaminants.  When default exposure parameters were not available, parameters were 

determined based on professional judgment to reflect the specific conditions at the site. 

 

Default exposure assumptions were selected from the following sources:  

 

USEPA, 1989: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, 

Part A. OERR. EPA/540/1-89/002. 

USEPA, 1991: EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default 

Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991. 

USEPA, 1994: USEPA, Region 1, Risk Update #2, August 1994. 

USEPA, 1995:  Supplemental Guidance to RAGS: Region IV Bulletins, Human Health Risk 

Assessment, EPA Region 4, Atlanta, GA, November 1995 

USEPA, 1997: EPA Exposure Factors Handbook, 1997. 

USEPA, 2004: Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, 

Part E, Supplement Guidance for Dermal Risk Assessment, Final Guidance. 

 

All exposure parameters for the RME exposure scenarios are presented in Tables 3.7 through 3.14.   

Site-specific factors which were determined based on professional judgment are discussed below.  

 

Recreational User and Fisherman 

It is assumed that the recreational user and fisherman make three visits per week, during the warmer 

months of May through September (65 visits per year).  The recreational user is assumed to spend 

approximately 4 hours during each visit to Grove Pond.  

 

The child recreational exposure duration is 6 years, from age 1-6.  In order to complete the 30 year 

exposure duration, the adult exposure was assumed to be 24 years. 

 

There is no default sediment ingestion rate; therefore, the default soil ingestion rate of 100 mg/day 

was selected as the sediment ingestion rate for the adult receptors.  A sediment ingestion rate of 200 

mg/day was selected for the child receptors.  
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The only default values available for ingestion of surface water while wading are presented by 

USEPA Region 4. Therefore, the surface water ingestion rate of 0.01 l/hour as presented by USEPA 

Region 4 was selected for the recreational adult receptor.  The surface water ingestion rate of 0.05 

l/hour as presented by USEPA Region 4 was selected for the recreational child receptor.  

 

Recreational and Subsistence Fisherman 

It is assumed that all of fish consumption for both groups of fisherman is from fish caught in Grove 

Pond or Plow Shop Pond.  Therefore, the fraction ingestion is assumed to be 1.   

 

3.5 Estimation of Exposure Doses and Intakes 

 

The next step in the estimation of exposure is to determine the chemical-specific exposures for each 

pathway identified to be a complete exposure pathway.  Exposure estimates are expressed in terms of 

the mass of the substance in contact with the body per unit body weight per unit time, typically mg of 

substance/kg of body weight per day.  These exposures are termed “intakes” and are equivalent to 

administered or applied doses.   These calculated intakes are expressed as the amount of chemical at 

the exchange boundary (i.e., skin, lungs, gut) and available for absorption. The administered or 

applied dose is not equivalent to the amount of substance actually absorbed into the bloodstream.    

In the case of dermal exposure, intakes are multiplied by an absorption factor to determine the 

amount of the substance actually absorbed into the blood stream. 

 

Calculation of intake factors or the daily dose for each chemical and receptor was performed for the 

appropriate exposure pathway (e.g. inhalation, ingestion, dermal).  The equations are presented in 

Tables 3-7 through 3-14.   

 

Dermal exposure requires the determination of absorbed doses rather than applied doses.  For 

sediments or soils, literature-based chemical-specific dermal absorption factors are used in the 

development of the absorbed dose.  The dermal absorption fraction values or ABSd are presented in 

Table 3-15.   

 

For exposure to surface water, the development of absorbed doses is more complex. First the amount 

of chemical absorbed per body area per day must be determined.  This value is called the DAevent .  

Table 3-16 presents the derivation of DAevent values for each COPC found in Grove Pond or Plow 

Shop Pond surface water.  DAevent values are combined with other intake values to obtain the daily 

absorbed dose (as shown in RAGS D Table 4s). 

 

4.0 TOXICITY ASSESSMENT 
 

The purpose of the toxicity assessment is to weigh available evidence regarding the potential for 

particular contaminants to cause adverse effects in exposed individuals and to provide, where 
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possible, an estimate of the relationship between the extent of exposure to a contaminant and the 

increased likelihood of adverse effects (USEPA, 1989).  The toxicity assessment is composed of two 

parts: 

 

• Hazard Identification - Hazard identification is the process of determining whether the 

exposure to a contaminant can cause an increase in the incidence of a particular adverse 

health effect.  Hazard identification also involves characterizing the nature and strength of 

the evidence that adverse effects may occur as a result of exposure to an agent.   

 

• Dose Response Evaluation - Does response evaluation is the process of quantitatively 

evaluating the toxicity information and characterizing the relationship between the dose of 

the contaminant received and the incidence of adverse health effects in the receptors. From 

this quantitative dose-response relationship, toxicity values can be derived to estimate the 

potential for adverse effects in receptors that may have been exposed to different 

concentrations of the specific agent.   

 

Exposure to carcinogenic and non-carcinogenic toxic contaminants is responsible, by definition, for 

creating different toxic endpoints or effects.  There are also differences in the biological processes 

through which carcinogenic and non-carcinogenic contaminants can cause adverse effects to a 

receptor.  Therefore, the evaluation of carcinogenic and non-carcinogenic health effects are evaluated 

separately in human health risk assessments.  The methods used to derive toxicity values for 

carcinogens and non-carcinogens are discussed below. 
 

The toxicity factors (i.e., RfDs and CSFs) used in this risk assessment reflect the most current 

toxicological information available from the following hierarchy of sources (USEPA, 2003a):  

1. Integrated Risk Information System (IRIS) (USEPA, 2004a). 

2. Provisional Peer-Reviewed Toxicity Values (PPRTVs) (USEPA, 2004c). 

3. Other sources, including but not limited to: 

- National Center for Environmental Assessment (NCEA), presented in Region III’s 

RBC Table (USEPA Region 3, 2005). 

- Office of Environmental Health Hazard Assessment (OEHHA) (Cal/EPA, 2004). 

- Health Effects Assessment Summary Tables (HEAST) (USEPA, 1997b). 

- Values withdrawn from IRIS or HEAST (presented in Region III’s RBC Table 

(USEPA, 2004e). 

- Agency for Toxic Substances and Disease Registry (ATSDR), minimal risk levels 

(MRLs)(2004). 
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Noncarcinogenic toxicity values used in the risk assessment are provided in Table 4-1.  Information 

regarding target organ effects is also presented in these tables. Carcinogenic toxicity values and 

weight of evidence information are presented in Table 4-2.   

 

Quantitative risk assessment cannot be performed for chemicals without chronic toxicity values.  

COPCs without toxicity values were evaluated qualitatively in the Uncertainty Discussion, Section 

5.4 of this risk assessment.  In some cases, toxicity information from a chemically and 

toxicologically similar may be used as a surrogate.  Cases in which surrogate toxicity values are 

clearly indicated in the toxicity tables.   

  

4.1  Noncarcinogenic Dose Response 

 

A number of chemicals have been determined to have toxic effects other than carcinogenesis,  such 

as respiratory illness, skin irritation, etc. In addition, chemicals may also be carcinogenic in addition 

to other toxic endpoints. The evaluation of noncancer effects (USEPA 1989) involves: 

 

• Qualitative identification of the adverse effect(s) associated with the chemical; these may 

differ depending on the duration (acute or chronic) or route (oral or inhalation) of exposure 

• Identification of the critical effect for each duration of exposure (i.e., the first adverse effect 

that occurs as dose is increased) 

• Estimation of the threshold dose for the critical effect for each duration of exposure 

• Development of an uncertainty factor, i.e., quantification of the uncertainty associated with 

interspecies extrapolation, intraspecies variation in sensitivity, severity of the critical effect, 

slope of the dose-response curve, and deficiencies in the database, in regard to developing an 

RfD for human exposure 

• Identification of the target organ for the critical effect for each route of exposure 

 

The potential for noncarcinogenic health effects resulting from exposure to chemicals is assessed by 

comparing an exposure estimate (intake or dose) to a Reference Dose (RfD).  RfDs are estimates 

(with uncertainty spanning perhaps an order of magnitude or greater) of a daily exposure level for the 

human population, including sensitive subpopulations, that is likely to be without an appreciable risk 

of deleterious effects during a lifetime.  The RfD is expressed in units of mg/kg-day, and represents a 

daily intake of a contaminant per kilogram of body weight that is not sufficient to cause the threshold 

effect of concern.  An RfD is specific to the chemical, the route of exposure, and the duration over 

which the exposure occurs.  Separate RfDs are represented for ingestion, dermal, and inhalation 

pathways.  

 

RfDs are expressed as the administered dose.  However, exposure estimates for the dermal pathway 

are expressed as an absorbed dose.  Therefore, it is usually necessary to adjust oral toxicity values 

from administered to absorbed doses in order to evaluate the dermal exposure pathway.   Dermal 

RfDs are derived from the corresponding oral values, provided there is no evidence to suggest that 
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dermal exposure induces exposure route-specific effects that are not appropriately modeled by oral 

exposure data.   Oral toxicity values are adjusted to account for oral absorption efficiencies of the 

specific chemical.  Oral absorption efficiency values are referred to as Gastrointestinal Absorption 

Factors (ABSGI).  Chemical-specific GAF values may be available from toxicological resources, such 

as ATSDR Toxicological Profiles, and should be used when available.  

 

In the derivation of a dermal RfD, the oral RfD is multiplied by the gastrointestinal absorption factor 

(ABSGI), expressed as a decimal fraction. The resulting dermal RfD, therefore, is based on absorbed 

dose. The RfD based on absorbed dose is the appropriate value with which to compare a dermal 

dose, because dermal doses are expressed as absorbed rather than exposure dose. 

 

RfD values are derived for both chronic and subchronic exposure.  Under the assumption of 

monotoxicity (incidence, intensity, or severity of effects can increase but can not decrease, with 

increasing magnitude or duration of exposure), a chronic RfD may be considered sufficiently 

protective for subchronic exposure, but a subchronic RfD may not be protective for chronic 

exposure. Given the exposure durations involved in the scenarios at the site, chronic RfDs were used 

for the purposes of this risk assessment.  Noncancer toxicity values are provided in Tables  4-1 

 

Target Organ Toxicity 

 

As a matter of science policy, USEPA assumes dose-and effect- additivity for noncarcinogenic 

effects (USEPA, 1989). This assumption provides the justification for adding the hazard quotients 

(HQ) or HIs in the risk characterization for noncancer effects resulting from exposure to multiple 

chemicals, pathways or media. USEPA (1989), however, acknowledges that adding all HQ and HI 

values may overestimate hazard, because the assumption of additivity is probably appropriate only 

for those chemicals that exert their toxicity by the same mechanism.  

 

Mechanism of toxicity data sufficient for predicting additivity with a high level of confidence are 

available for very few chemicals. In the absence of such data, USEPA (1989) assumes that chemicals 

that act on the same target organ may do so by the same mechanism of toxicity, e.g., target organ 

serves as a surrogate for mechanism of toxicity. When the total HI for all media for a receptor 

exceeds 1 due to the contributions of several chemicals, it is appropriate to segregate the chemicals 

by route of exposure and mechanism of toxicity (i.e., target organ) and estimate separate HI values 

for each.  Segregated target organ Hazard Indices for COPCs are provided in Appendix C, Tables  C-

29 through C-36 of this report.   

  

As a practical matter, since human environmental exposures are likely to involve near-or sub-

threshold doses, the target organ chosen for a given chemical is the one associated with the critical 

effect. If more than one organ is affected at the threshold, the more severely affected organ is chosen. 

The target organ is also selected on the basis of duration of exposure (i.e., the target organ for 

chronic or subchronic exposure to low or moderate doses is selected rather than the target organ for 
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acute exposure to high doses) and route of exposure. Because dermal RfD values are derived from 

oral RfD values, the oral target organ is adopted as the dermal target organ. For some chemicals, no 

target organ is identified. This occurs when no adverse effects are observed or when adverse effects 

such as reduced longevity or growth rate are not accompanied by recognized organ- or system-

specific functional or morphologic alteration.  

 

4.2  Carcinogenic Dose-Response  

 

A number of chemicals are known, and many more are suspected, to be human carcinogens.  The 

evaluation of potential carcinogenicity of a chemical includes both a qualitative and a quantitative 

aspect (USEPA 1989).  The qualitative aspect is a weight-of-evidence evaluation of the likelihood 

that a chemical might induce cancer in humans.  The EPA weight-of-evidence classification is a 

system for characterizing the extent to which the available data indicate that an agent is a human 

carcinogen (USEPA, 1989). USEPA (1989) currently recognizes six weight-of-evidence 

classifications for carcinogenicity. 

 

• Group A - Human Carcinogen.  Human data are sufficient to identify the chemical as a human 

carcinogen. 

 

• Group B1 - Probable Human Carcinogen.  Human data indicate that a causal association is 

credible, but alternative explanations can not be dismissed. 

 

• Group B2 - Probable Human Carcinogen.  Human data are insufficient to support a causal 

association, but testing in animals support a causal association. 

 

• Group C - Possible Human Carcinogen.  Human data are inadequate or lacking, but animal data 

suggest a causal association, although the studies have deficiencies that limit interpretation. 

 

• Group D - Not Classifiable as to Human Carcinogenicity.  Human and animal data are lacking or 

inadequate. 

 

• Group E - Evidence of Noncarcinogenicity to Humans.  Human data are negative or lacking, and 

adequate animal data indicate no association with cancer. 

 

 

USEPA (1989) assumes that a small number of molecular events can create changes in a single cell 

that can lead to uncontrolled cellular proliferation and eventually to clinical cancer.  This 

hypothesized mechanism for carcinogenesis is referred to “nonthreshold,” because there is believed 

to be essentially no threshold below which harmful effects may possibly occur as a result of 

exposure.  
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The toxicity value for carcinogenicity, called a cancer slope factor (CSF), is an estimate of 

carcinogen potency.  Potency estimates are developed only for chemicals in Groups A, B1, B2, 

and C (known or suspected carcinogens), and only if data are sufficient.  The potency estimates 

are statistically derived from the dose-response curve from the best human or animal studies of 

the chemical.  The CSFs should always be accompanied by the weight-of-evidence classification 

to indicate the strength of the evidence that the agent is a human carcinogen (USEPA, 1989).  

The CSF is usually described as the “excess risk” per unit dose above the rate that might 

normally be expected in the general population.  

 

The CSF is expressed as risk per mg/kg-day.  To be appropriately conservative, the CSF is usually 

the 95 percent upper-bound on the slope of the dose-response curve extrapolated from high 

(experimental) doses to the low-dose range expected in environmental exposure scenarios.    

 

The oral CSF is usually derived directly from the experimental dose data, because oral dose is 

usually expressed as mg/kg-day.  When the test chemical is administered in the diet or drinking 

water, oral dose first must be estimated from the test chemical in the food or water, food or water 

intake data, and body weight data. 

 

CSFs are expressed as the administered dose.  However, exposure estimates for the dermal pathway 

are expressed as an absorbed dose.  Therefore, it is usually necessary to adjust oral toxicity values 

from administered to absorbed doses in order to evaluate the dermal exposure pathway.   Dermal 

CSFs are derived from the corresponding oral values, provided there is no evidence to suggest that 

dermal exposure induces exposure route-specific effects that are not appropriately modeled by oral 

exposure data.   Oral toxicity values are adjusted to account for oral absorption efficiencies of the 

specific chemical.  Oral absorption efficiency values are referred to as Gastrointestinal Absorption 

Factors (ABSGI).  Chemical-specific ABSGI values may be available from toxicological resources, 

such as ATSDR Toxicological Profiles, and should be used when available. 

 

The dermal CSF is derived by dividing the oral CSF by the ABSGI. The oral CSF is divided, rather 

than multiplied, by the ABSGI because CSFs are expressed as reciprocal dose. The USEPA weight-

of-evidence group and the oral, dermal and inhalation CSFs for COPC are presented in Table 4-2. 

 

4.3  Compound-Specific Dose - Response 

 

Carcinogenic PAHs. 

The toxicity assessment for carcinogenic PAHs (cPAHs) may be performed with a Toxic 

Equivalence Factor (TEF) methodology.  The toxicity of carcinogenic PAHs is based on a relative 

potency of each compound to that of benzo(a)pyrene.  Cancer slope factors adjusted using TEFs are 

presented in Table 4-2.  As discussed above, all carcinogenic PAHs were retained as COPCs in any 

medium where at least one carcinogenic PAH exceeded its screening value. 
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5.0  RISK CHARACTERIZATION 
 

Risk characterization is the combination of the results of the exposure assessment and toxicity 

assessment to yield a quantitative expression of risk for the exposed receptors. This quantitative 

expression is the probability of developing cancer, or a nonprobabilistic comparison of estimated 

dose with a reference dose for noncancer effects. Quantitative estimates are developed for individual 

chemicals, exposure pathways, and exposure media for each receptor. The risk characterizations 

presented in this risk assessment are based on the Reasonable Maximum Exposure (RME) scenario 

and are generally used to guide risk management decisions.  

 

This section presents estimates of risk for the relevant pathways and receptors for each scenario 

as described in previous sections. All chemicals of concern were evaluated by the determination 

of non-cancer Hazard Quotients (HQ) and Cancer Risks. Section 5.1 presents the methodology 

used to calculated noncancer hazards and cancer risks.  Section 5.2 discusses cumulative non-

cancer health risks and cumulative cancer risks.  Section 5.3 discusses the evaluation procedures 

used in the evaluation of lead. 

 

 

Generally, risk characterization follows the methodology prescribed by USEPA (1989a), as modified 

by more recent information and guidance. The USEPA methods are, appropriately, designed to be 

health-protective, and tend to overestimate, rather than underestimate, risk. The risk results are 

generally overly conservative, because risk characterization involves multiplication of the 

conservatism built into the estimation of source-term and exposure-point concentrations, the 

exposure (intake) estimates, and the toxicity dose-response assessments.  

 

Although some chemicals induce both cancer and noncancer effects, the risks for each endpoint are 

calculated separately.  

 

5.1  Cancer Risks 

 

For carcinogens, risks are estimated as the incremental probability of an individual developing 

cancer over a lifetime as a result of exposure to the potential carcinogen.   

 

Cancer Risk Calculation Equation: 
 

 

 

      

 

Where: 

ILCRi = CDIi * CSFi 
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ILCRi  = Incremental Lifetime Cancer Risk for chemical “i,” expressed as a unitless 

probability 

CDIi  = Calculated Average Daily Intake of chemical “i” expressed as an average daily 

dose in (mg/kg-day) 

CSFi  = Inhalation cancer slope factor for chemical “i” in (mg/kg-day) 
-1
 

 

Individual chemical-specific cancer risks are summed to estimate the total incremental individual 

lifetime cancer risk for simultaneous exposure to several carcinogens.  The risk summation 

technique does not presume any synergistic or antagonistic chemical interactions.  This 

assumption may result in either an underestimation or overestimation of the actual risk that may 

result from actual exposure to multiple substances. 
 

The cancer risk calculations for all receptors are presented in Appendix C in Tables C-1 through C-

24.  Tables C-1 though C-24 illustrate the development of the intake values and hazard quotients by 

each medium.  Tables C-25 through C-28 present a RAGS D Table 9-style summary of cancer risks 

for the recreational adult and child receptors for Grove Pond and Plow Shop Pond.  These receptors 

were evaluated for cancer risks from exposure to multiple media including sediments, surface water 

and fish tissue. 

 

5.2  Non-cancer Risks 

 

The Hazard Quotient (HQ) is the potential for noncarcinogenic effects as a result of exposure.  The 

HQ is a ratio of exposure over a specified period of time to a reference dose derived for a similar 

period of time.  As a rule, the greater the value of the HQ above unity (HQ>1), the greater the level 

of concern. 

 

Estimating risk or hazard by considering only one chemical at a time might significantly 

underestimate the risks associated with simultaneous exposures to several COPCs.  To assess the 

potential for noncarcinogenic effects posed by more than one COPC, a Hazard Index (HI) is then 

calculated.  The HI is equal to the sum of the hazard quotients.  

 

The following  risk equations were used to calculate hazard quotient (HQ): 

 

Hazard Quotient Calculation Equation: 

 

 
 

 

HQi = CDIi 

 RfDi 
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Where: 

HQi = Hazard Quotient for chemical “i” (unitless) 

CDIi = Calculated Average Daily Intake of chemical “i” expressed as an average daily 

dose in (mg/kg-day) 

RfDi = Reference Dose of chemical “i” in (mg/kg-day) 

 

The hazard index (HI) describes the overall potential for noncarcinogenic effects posed by more than 

one chemical.  The approach assumes that simultaneous exposures to several chemicals could 

produce an adverse effect.  The HI is generated by summing the individual HQs for all the COPCs.  

The magnitude of the adverse effect is assumed to be proportional to the sum of the ratios of the sub-

threshold exposures to acceptable exposures.  As with the individual hazard quotients, there is a 

potential for adverse health effects when the HI exceeds one (1). 

 

Hazard Indices were segregated by target organ and associated critical effect.  This approach more 

appropriately results in identification of endpoints that reflect adverse effects on the same organ 

system by the same mechanism.  Segregation of HI requires identification of the major effect(s) of 

each COPC.   The target organ effect was selected based on the target organ corresponding to the 

oral RfD listed in IRIS and HEAST or information in ATSDR profiles.   In cases where a COPC 

affects more than one target organ, the HI was used to calculate the target organ effect for each target 

organ it affects.   

 

The noncancer risk calculations for all receptors are presented in Appendix C.  Tables C-1 

though C-24 illustrate the development of the intake values and hazard quotients by each 

medium.  Tables C-25 through C-28 present a RAGS D Table 9-style summary of HIs for the 

recreational adult and child receptors for Grove Pond and Plow Shop Pond.  These receptors 

were evaluated for noncancer hazards from exposure to multiple media including sediments, 

surface water and fish tissue. 

  

5.3 Lead 

 

Because of its unique toxicological properties, lead requires an alternate evaluation than that 

performed for non-carcinogenic or carcinogenic chemicals.  The output and summary results for the 

lead evaluation are presented in Appendix D.  Output includes RAGS D adult lead worksheets, Adult 

lead model print outs, RAGS D IEUBK lead model worksheets, IEUBK lead model tabular output 

and IEUBK probability density function graphs for blood lead. 

 

Adult Recreational Receptor 

For the recreational adult receptor, risks from exposure to lead were calculated using the USEPA 

Adult Lead Model, dated 5/19/03 (USEPA 1996). This approach determines the 95th percentile 
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blood lead concentration among fetuses born to women having exposures to the soil concentration 

present at the Site.  The calculated value is then compared with the threshold blood level for lead of 

10 ug/dL which the USEPA has established as being associated with no adverse effects in children.  

Site-specific EPCs for lead, representing the arithmetic average, for sediment were used in the 

evaluations of Grove Pond and Plow Shop Pond sediment.  Threats from surface water and fish 

ingestion could not be evaluated for this receptor because currently the model is designed only to 

consider soils/sediment.  The geometric standard deviation for a heterogeneous population was 

selected as a conservative assumption. Site-specific values for both the exposure frequency of 65 

days/year and the averaging time of 152 days a year were used.  Model literature on evaluating 

intermittent exposure to lead indicates that exposures should not be annualized and that models are 

suitable for use when exposure exceeds three months (see USEPA 2004d).  Therefore, exposure for 

the five month exposure periods of May to September was used as the averaging time.  A site-

specific sediment ingestion rate of 100 mg/day as shown in the RAGS D Table 4s was used in this 

modeling as well. 

 

Child Recreational Receptor 

An RfD is not available with which to evaluate the toxicity of oral exposure to lead. It is generally 

agreed that the young child is the most sensitive receptor for exposure to lead. Therefore, evaluating 

the child recreational receptor exposed to the levels of lead found in the media of interest at the Site 

provides a worst-case snapshot of the impact of lead. The USEPA (1994b) Integrated Exposure 

Uptake Biokinetic Model (IEUBK) integrates exposure to lead from various sources to estimate 

mean blood lead concentrations for the first 7 years of a child’s life, and predicts the statistical 

variation about the mean. The IEUBK model is used to evaluate lead in the various media at the Site. 

 For the recreational child receptor, risks from exposure to lead were calculated using the Integrated 

Exposure Uptake Biokinetic (IEUBK) Model, version 1.0 build 261.   

 

Exposure input values included arithmetic mean lead concentrations from sediment in Grove Pond 

and Plow Shop Pond, default drinking water values since arithmetic mean surface water values from 

both Ponds were less than the default drinking water value and arithmetic mean fish tissue values for 

fish from Grove Pond. Lead in fish was not a COPC for Plow Shop Pond.  Model defaults were used 

for soil bioavailability and ingestion rate.  Because the exposure being evaluated was anticipated to 

occur regularly over a five or nine month period, no time-adjusted input was needed as discussed in 

the USEPA guidance in intermittent exposure to lead (see USEPA 2004d).  Fish tissue was included 

by assuming that 41 out of 273 meat meals or 15% of meat meals consisted of Grove Pond Fish.  

This value was derived from assuming that the recreational child consumed one meal of Grove Pond 

caught fish per week for nine months of the year (39 weeks). 

 

Child Subsistence Angler Receptor 

For the subsistence child angler receptor in Grove Pond, risks from exposure to lead were also 

calculated using the Integrated Exposure Uptake Biokinetic (IEUBK) Model, version 1.0 build 261. 

Input parameter values for this receptor were identical to those of the child recreational receptor with 
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one exception.  Fish tissue was included by assuming that 273 out of 273 meat meals or 100% of 

meat meals consisted of Grove Pond Fish.  This value was derived from assuming that the 

recreational child consumed seven meals of Grove Pond caught fish per week for nine months of the 

year (39 weeks).  Because the exposure being evaluated was anticipated to occur regularly over a five 

or nine month period, no time-adjusted input was needed as discussed the USEPA guidance in 

intermittent exposure to lead (see USEPA 2004d).   

 

5.4  Qualitative Risk Results 

 

Cumulative Cancer Risks  

 

In order to assess the potential risks the estimated chronic intakes for each pathway are 

multiplied by the cancer slope factor or the unit risk (used in some inhalation pathways).  These 

results are presented for each pathway in the column entitled Risk in the Tables included in 

Appendix C. Risks calculated for each chemical are summed to a cumulative risk in each table.  

RAGS D Table 10s which highlight individual chemical risk drivers are also presented in 

Appendix C.  Cumulative risk summaries by receptor are presented in Table 5-1 for Grove Pond 

media and Table 5-2 for Plow Shop Pond media. 

 

Grove Pond (see Table 5-1).  Cumulative risks from exposure to fish tissue resulted in risks 

greater than the USEPA specified risk threshold range of 1E-4 to 1E-6 for the adult subsistence 

angler.  Risks equaled 2E-4.  The risk drivers (chemicals with risks greater than 1E-6) included 

PCBs, DDD and DDE. Risks for all other receptors were within the USEPA-specified  risk 

range.  However, risks to both the recreational adult and the recreational child equaled the upper 

end of this range (1E-4).  Risk drivers included arsenic and PAHs in sediment, arsenic and bis(2-

ethylhexyl)phthalate in surface water and PCBs in fish.  Cumulative risks to the child subsistence 

angler equaled 7E-5. 

 

Plow Shop Pond (see Table 5-2).  Cumulative risks from exposure to sediment, surface water 

and fish resulted in risks greater than the USEPA specified risk threshold range of 1E-4 to 1E-6 

for  the recreational adult (4E-4) and recreational child receptors (4E-4).  The risk drivers 

included arsenic and PAHs in sediments and arsenic in surface water and fish.  Cumulative risks 

from exposure to fish tissue resulted in risks greater than the USEPA specified risk threshold 

range of 1E-4 to 1E-6 for the adult subsistence angler.  Risks equaled 5E-4.  The risk drivers 

(chemicals with risks greater than 1E-6) included arsenic and DDE.  Risks the child subsistence 

angler equaled the upper end of this range (1E-4).  Risk drivers included arsenic and DDE in fish. 

  

Cumulative Non-Cancer Health Risks 

 

In order to assess the potential adverse health effects associated with chronic exposures to site 

receptors, the estimated chronic intakes for each pathway are compared to the acceptable 
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concentration for each constituent, which is the RfD.  These comparisons are ratios of the 

estimated daily exposure to the RfD and are presented for each pathway in the column 

entitled Hazard Quotient (HQ) in Appendix C.  Hazard Quotients calculated for each 

chemical are summed to a Hazard Index (HI) in each table. 

 

In the summing of individual HQs, assumptions are made including: the chemicals act in 

an additive fashion rather than synergistically or antagonistically; the chemicals act on 

similar organ systems and with similar modes of action.  The veracity of these 

assumptions will impact the accuracy of the hazard estimate developed in this risk 

characterization. 

 

Grove Pond (see Table 5-1).  As shown in Table 5-1, for all receptors evaluated, 

noncancer hazards exceeded the USEPA-specified risk threshold of one (1).  Risk drivers, 

meaning chemicals with individual HQs in excess of one, for at least one receptor, 

included arsenic in sediment and mercury and PCBs in fish. 

 

Plow Shop Pond (see Table 5-2).  As shown in Table 5-2, for all receptors evaluated, 

noncancer hazards exceeded the USEPA-specified risk threshold of one (1).  Risk drivers, 

meaning chemicals with individual HQs in excess of one, for at least one receptor 

included arsenic and chromium in sediment, arsenic in surface water and mercury and 

vanadium in fish. 

 

Lead 
Results of the lead evaluations are presented in Appendix D and summarized in Tables 5-

1 for Grove Ponds and 5-2 for Plow Shop Pond.  The blood lead threshold has been 

established by USEPA as a probability value of no greater than a 5% chance of blood 

lead exceeding 10 ug/dL for the fetus, as evaluated with the adult lead model, or for the 

child, as evaluated with  the IEUBK model.  For Grove Pond, only the child subsistence 

angler was found to have risks in excess of this threshold.  In Plow Shop Pond lead was 

not a COPC in fish.  Neither the adult or child recreational receptors had lead risks that 

exceeded the associated threshold values. 

 

6.0  UNCERTAINTY ANALYSIS 
 

6.1  Inherent Sources of Uncertainty 
 

Since the assumptions and other aspects of risk assessments are intended to be 

conservative, some degree of uncertainty is inherent to the process.  Inherent sources of 

uncertainty typically relate to four areas: 

 

1.) the data evaluation process 

2.) the exposure assessment; 

3.) the toxicity assessment; 
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4.) the risk characterization. 

 

Inherent sources of uncertainty relating to the data evaluation process include: 

• Field Sampling location bias: sample locations were biased toward areas of highest 

contamination 

• Use of one-half the detection limit for all non-detected values when calculating 95% UCLs of the 

mean 

• Lack of consideration of source depletion, natural degradation or attenuation of COPCs over time 

• Limitations on the determination of background conditions 

 

Inherent sources of uncertainty relating to the exposure assessment include: 

• Assumption that exposure scenarios and contact with affected media will occur 

• Selection of the 95% UCL of the mean or the maximum concentration for the exposure point 

concentration 

• Assumption of frequent, routine exposure over prolonged durations 

• Use of default exposure values for physiological parameters such as skin surface area, inhalation 

rate and soil ingestion rates 

• Assumption that some pathways are negligible in comparison to others 

 

Inherent sources of uncertainty relating to the toxicity analysis include: 

• Use of published RfDs and SFs derived by standard USEPA methods 

• Derivation of dermal SFs and RfDs using ABSGI values 

• Derivation of toxicity values for cPAHs based on TEFs 

• Lack of toxicity values for some chemicals or exposure routes 

• Assumption of 100% bioavailability of COPCs from sediment 

• Assessment of mercury, which was measured analytically as total mercury, using the oral RfD for 

mercuric chloride rather than the oral RfD for methylmercury 

 

 Inherent sources of uncertainty relating to the risk characterization include: 

• Assumption of additivity of toxicological effects 

• Risk characterization does not consider antagonistic or synergistic effects.  Little information is 

available to determine the potential for antagonism or synergism for the COPCs.  Therefore, this 

uncertainty cannot be discussed for its impact on the risk assessment, since it may either 

underestimate or overestimate potential human health risk. 
 

6.2 Site-Specific Sources of Uncertainty 
 

In addition to the uncertainties inherent in the risk assessment process, there are typically 

uncertainties associated with site-specific information, contaminants or conditions. The following 

site-specific sources of uncertainty apply to this site: 
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Data Set Used 

These risk results were based upon a data set derived from multiple studies conducted over a 13 year 

period.  Older data may not be indicative of current conditions.  However, it is assumed that the 

direction of bias with this uncertainty would be conservative in that it is not anticipated that 

conditions in the Ponds would have become more contaminated over time.  

 

Sediment COPC Selection 

Since screening values are not available for sediment, residential soil screening values were used in 

the selection of COPCs for sediment.  This is considered a conservative approach which may 

actually overestimate potential risks. 

 

Surface Water COPC Selection 

Since screening values are not available for surface water, tap water screening values were used in 

the selection of COPCs for surface water.  This is considered a conservative approach which may 

actually overestimate potential risks. 

 

Uncertainties related to Iron and Copper 

Risk screening indicated that copper and iron exceeded the EPA Region 9 PRG for residential soil in 

both ponds.  Iron, but not copper, in surface water exceeded the Region 9 PRGs for residential 

drinking water in both ponds.  The toxicity values for iron and copper were derived based on 

concentrations needed to protect against a deficiency of the compound, rather than on quantitative 

assessments related to the hazard posed by overexposure to these metals.  In fact, USEPA Region I 

does not advocate quantitatively evaluating exposures and risks of these metals owing to the 

uncertainty of these toxicity values (USEPA, 1999).  Because of the uncertainty of the toxicity 

information for iron and copper, any risks from exposure to these metals should be considered 

suspect and greatly overestimated.  The uncertainties related to the toxicity values for iron and 

copper indicate that the potential risks may be greatly overestimated.  Therefore, further actions 

based on concentrations of iron or copper in sediment and surface water seem unwarranted. 

  

Uncertainties related to Background 

Many metals occur naturally.  Metals in this HHRA were not eliminated as COPCs based on 

background conditions.  As such, risk values reported in this risk assessment include some 

contribution from background related metals.  Since determination of statistically bounded 

background concentrations is beyond the scope of this investigation, it is not possible to quantify the 

contribution of background metals to the risk results obtained. 

 

7.0  SUMMARY AND CONCLUSIONS 
 

7.1  Summary of Risk Characterization 
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Tables 5-1 and 5-2 and Appendix C, Tables C-29 through C-36 present summaries of the 

cancer risks and noncancer hazard indices which exceeded EPA acceptance criteria for 

each receptor evaluated in the risk assessment.  These tables identify the chemicals which 

are driving the risks and present the hazard indices segregated by target organ. Section 

6.0 presented the uncertainties associated with the risk evaluations and presented 

rationale for consideration in determining the chemicals of concern for this site which 

may require further evaluation and action. 

 

7.2  Conclusions 

 

Grove Pond 

 

The human health risk assessment evaluated risks to four receptors: a recreational adult, 

recreational child, subsistence angler adult and subsistence angler child. Media 

considered in the recreational receptor evaluations included sediment, surface water and 

fish tissue. The only medium used in the evaluation of risks to the subsistence angler 

receptors was fish tissue. For Grove Pond, the carcinogenic risk threshold of 1E-4 was 

equaled for the recreational adult and recreational child.  This threshold was exceeded for 

the subsistence angler adult. Carcinogenic risk for the subsistence angler child was found 

to be between 1E-5 and 1E-4. The non-cancer Hazard Index (HI) risk threshold of one (1) 

was exceeded for all receptors. 

 

Carcinogenic risk drivers, defined as chemicals with risks in excess of 1E-6, for the 

recreationa receptors included arsenic (surface water and sediment), PAHs (sediment), 

phthalates (surfacewater) and PCBs (fish tissue). Noncarcinogenic risk drivers, defined as 

chemicals with hazard quotients (HQs) in excess of one (1), for the recreational receptors 

included arsenic (sediment), mercury (fish tissue), and PCBs (fish tissue). 

 

Carcinogenic risk drivers for the subsistence angler included PCBs, DDD and DDE. 

Noncarcinogenic risk drivers included mercury and PCBs. 

 

Risk thresholds from potential exposure to lead found in environmental media were not 

exceeded for recreational adults or children but were exceeded for the subsistence angler 

child receptor. 

 

Plow Shop Pond 

 

Human health risk assessment results for Plow Shop Pond were similar to those from 

Grove Pond. For Plow Shop Pond, the carcinogenic risk threshold of 1E-4 was exceeded 

for the recreational adult and recreational child. This threshold was equaled for the 

subsistence angler adult. Carcinogenic risk for the subsistence angler child was found to 

be between 1E-5 and 1E-4. The non-cancer Hazard Index (HI) risk threshold of one (1) 

was exceeded for all receptors. 
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Carcinogenic risk drivers for the recreational receptors included arsenic (surface water, 

sediment and fish tissue), PAHs (sediment) and PCBs (fish tissue). Noncarcinogenic risk 

drivers, defined as chemicals with hazard quotients (HQs) in excess of one (1), for the 

recreational receptors included arsenic (sediment, surface water), chromium (sediment), 

and mercury (fish tissue). 

 

Carcinogenic risk drivers for the subsistence angler included arsenic and DDD. 

Noncarcinogenic 

risk drivers included mercury and vanadium. 

 

Risk thresholds from potential exposure to lead found in environmental media were not 

exceeded for recreational adults or children. Lead was not a chemical of potential concern 

in fish tissue from Plow Shop Pond. 

 

Evaluation of Results 

 

This section compares human health risk results to the findings of the fate and 

transport/environmental chemistry evaluation performed for this study. Of this risk 

drivers 

identified in the human health risk assessment, the metals arsenic, chromium, mercury 

and lead 

appear to be related to identifiable sources within Grove and Plow Shop Ponds including 

area-wide groundwater for arsenic. Vanadium has not been identified as a metal with 

clear Pond-related sources. It is possible that elevated levels of this metal and associated 

risks occur as a result of mobilization of naturally occurring metals by reduced 

groundwater that enters the ponds from the direction of Shepley’s Hill Landfill or other 

areas.   

 

Organic constituents identified as risk drivers include PAHs, PCBs and DDT breakdown 

products.  While these chemicals are clearly anthropogenically-related, multiple sources 

for these chemicals appear applicable. Sources may have included upstream 

contamination, stormwater runoff, atmospheric deposition as well as contributions from 

the former tannery and railroad roundhouse located on the shores of these ponds. 

Currently, it is not possible to clearly attribute the contribution levels of these sources to 

the concentrations observed. However, it does not appear that groundwater is a 

contributor of organic constituents to the Ponds.  
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TABLE 2-1
COMPARISON OF NEAR-SHORE SEDrMENT RESULTS WITH ALL-SEDIMENT RESULTS
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TABLE 2-2
COMPARISON OF FILLET TO WHOLE FISH TISSUE

GROVE POND

Chemical

Aluminum

Antimony
Arsenic

Barium
Beryllium

Boron
Cadmium

Calcium
Chromium, total

Cobalt
Copper

Iron
Lead

Magnesium
Manganese

Mercury
Molybdenum

Nickel
Potassium

Selenium
Silver

Sodium
Strontium

Thallium
Vanadium

Zinc
PCBs, total

DDD, p,p'-
DDE, p,p'-

Fillet
Frequency

of
Detection

18

0

5
4

4
5

18

18

18
8

18
18

16
1

7

13

18

2

18
5
9

15

/

/
/
/

/
/

/

/
/
/

/
/
/
/

/

/

/

/

/
/
/
/

18

18

18
18

18
18

18

18

18
18

18
18

18
18

18

18

18

18

18
18

18
18

Fillet
%
Detected

100%

0%

28%
22%

22%
28%

100%

100%

100%
44%

100%
100%

89%
6%

39%

72%

100%

11%

100%
28%

50%
83%

Whole Body
Frequency

of Detection

30

0
2

32
8

15
23

0
32

0
32

32
27

32
32

29
6

15
4

28
0

4
28

0
7

32
14

31
32

/

/
/
/
/

/
/
/
/

/
/
/
/

/
/
/
/

/
/
/
/

/
/
/
/

/
/
/
/

32

4
32

32
32

28
32

4
32

4
32

32
32

32
32

32
28

32
4

32
4

4
28

4
32

32
28

32
32

Whole Body
% Detected

94%

0%
6%

100%
25%

54%
72%

0%
100%

0%
100%

100%
84%

100%
100%

9 1 %
2 1 %

47%
100%

88%
0%

100%
100%

0%
22%

100%
50%

97%
100%

Fillet Whole Body
Average Percent Detected 60% 64%

Fillet
Concentration Range

(mg/kg-ww)
Min

1.45

(ND0.078

0.10
0.03

0.16
0.03

0.10

0.11

2.82
0.10

213.53
0.07

0.05
0.15

0.09

0.10

0.15

0.12

3.63
0.07

0.01
0.01

-

-

-
-
-
-

-

-

-
-
-
-

-
-
-

-

-

-
-
-

-
-

Max

4.15

ND 0.117)
0.15
0.14

0.34
0.15

0.49

0.60

13.88
0.86

372.40
1.41

1.04
0.15

0.91

0.18

4.24

0.16

7.95
0.15

0.03
0.07

Whole Body
Concentration Range

(mg/kg-ww)
Min

1.48

(ND0.76
0.13

0.17
0.07

0.13
0.03

(ND1.5
0.32

(ND0.23
0.30

7.57
0.16

329.60
2.20

0.03
0.14

0.11
3100.00

0.14
(ND0.23

920.00
11.68

(ND1.5
0.12

10.54
0.09

0.01
0.01

-
-
-

-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-

-
-
-
-

-
-

Max

20.70

ND1.1)
0.13

3.68
0.99

1.39
1.02

ND2.3)
1.80

ND0.34)
1.35

76.56
5.02

744.80
54.00

1.14
0.51

4.85
3400.00

0.55
ND0.34)

1500.00
48.48

ND2.3)
0.92

42.00
0.47

0.13
0.27

Number of Chemicals
Percentile: 0-25% 15 Avg

26-50% 7 Min
51-75% 0 Max

76-100% 1 Median
>100% 0

Katio ot hillet
Maximum

Concentration
to Whole Body

Maximum
Concentration

(percent)

20%

4%
14%

25%
15%

27%

44%

18%
17%

50%
3%

91%
30%

19%
0%

32%

0%

9%

18%

19%
32%

23%
26%

23%
0%

91%
19%



TABLE 2-3
COMPARISON OF FILLET TO WHOLE FISH TISSUE

PLOW SHOP POND

Chemical

Aluminum
Antimony
Arsenic
Barium
Beryllium
Cadmium
Calcium
Chromium, total
Cobalt
Copper
Iron
Lead
Magnesium
Manganese
Mercury
Nickel
Potassium
Selenium
Silver
Sodium
Thallium
Vanadium
Zinc
PCB1260
DDD, p,p'-
DDE, p,p'-
DDT, p,p'-

Fillet
Frequency of

Detection

0
0
2
0
0
0

10
2
2

10
10
0

10
1
9
0

8
0

10
0
1

10
0
0
2
0

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

/
/
/
/
/
/
/
/
/
/

10
10
10
10
10
10
10
10
10
10
10
10
10
10
10
10

10
10
10
10
10
10
10
10
10
10

Average Percent Detected

Fillet
% Detected

0%
0%

20%
0%
0%
0%

100%
20%
20%

100%
100%

0%
100%

10%
90%

0%

80%
0%

100%
0%

10%
100%

0%
0%

20%
0%

Fillet
33%

Whole Body
Frequency of

Detection

14
0
2

19
0
1

15
18
5

19
19
2

19
19
18

1
4

14
0

19
0
1

19
5

10
13
3

/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/
/

19
19
19
19
19
19
19
19
19
19
19
18
19
19
19
19
4

19
19
19
19
19
19
19
19
19
19

Whole Body
% Detected

74%
0%

11%
100%

0%
5%

79%
95%
26%

100%
100%

11%
100%
100%
95%

5%

74%
0%

100%
0%
5%

100%
26%
53%
68%
16%

Whole Body
52%

Fillet
Concentration Range (mg/kg

ww)
Min

ND(1.3
ND(1.1

0.09
ND(0.23
ND(0.04
ND(0.05

82.8
0.19
0.11
0.08

1.7
ND(0.1

252
0.3

0.12
ND(0.75

0.11
ND(0.19

283
ND(0.1

0.79
3.4

ND(0.048
ND(0.0095

0.015
ND(0.0095

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

-
-
-
-
-
-
-
-
-
-

Max

1.3)
1.1)
0.15
0.24)
0.04)
0.07)
627
0.24
0.11
0.24
27
0.1)
344
0.3
4
0.8)

0.2
0.2)
509
0.1)
0.79
6.1
0.1)
0.021)
0.031
0.021)

Whole Body
Concentration Range

(mg/kg-ww)
Min

1.6
ND(0.73

0.3
0.27

ND(0.04
0.09
3250
0.25

0.1
0.29

11
0.16
249
5.1

0.09
0.8

3100
0.24

ND(0.19
1080

ND(0.1
0.8

12.1
0.061
0.012
0.015
0.012

-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-
-

Max

4.5
1.1)
103
4.4
0.089)
0.09
48800
0.99
0.17
1.3
130
0.18
754
94.7
2.7
0.8
3400
0.67
0.27)
2290
1.8)
0.8
29.6
0.33
0.11
0.38
0.014

Number of Chemicals
Percentile: 0-25% 10 Avg

26-50% 2 Min
51-75% 1 Max

76-100% 1 Median
>100% 1

Katio OT Miiet
Maximum

Concentration to
Whole Body

Maximum
Concentration

(percent)

0%

1%
24%
65%
18%
2 1 %

46%
0%

148%

0%
30%

22%

99%
2 1 %

8%

34%
0%

148%
21%



TABLE 2-4

SAMPLE SUMMARY FOR BASELINE HUMAN HEALTH RISK ASSESSMENT 

GROVE POND/PLOW SHOP POND

Location Sample No Date Analyses Source Id. 

Grove Pond 1SC1 8/1/1999 Metals Reference 54 

Grove Pond 1SC2 8/1/1999 Metals Reference 54 

Grove Pond 1SC3 8/1/1999 Metals Reference 54 

Grove Pond 3SC2 8/1/1999 Metals Reference 54 

Grove Pond 3SC3 8/1/1999 Metals Reference 54 

Grove Pond 4SC1 8/1/1999 Metals Reference 54 

Grove Pond 5SC2 8/1/1999 Metals Reference 54 

Grove Pond 6SC1 8/1/1999 Metals Reference 54 

Grove Pond 8SC1 8/1/1999 Metals Reference 54 

Grove Pond BHSO3 8/1/1999 Metals Reference 54 

Grove Pond BM 1 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond BM 2 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond BM 3 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond BM 4 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond GP01 3/1/2004 Metals study 

Grove Pond GP05 3/1/2004 Metals study 

Grove Pond GP07 3/1/2004 Metals study 

Grove Pond GP09 3/1/2004 Metals study 

Grove Pond GP11 3/1/2004 Metals study 

Grove Pond GP12 3/2/2004 Metals study 

Grove Pond GP13 3/2/2004 Metals study 

Grove Pond GP14 3/2/2004 Metals study 

Grove Pond GP15 3/2/2004 Metals study 

Grove Pond GP15 Dup 3/2/2004 Metals study 

Grove Pond GPCORE1 9/1/2000 Metals Reference 54 

Grove Pond GPCORE2 9/1/2000 Metals Reference 54 

Grove Pond GPCORE3 9/1/2000 Metals Reference 54 

Grove Pond GRD-92-01X 1/1/1992 Metals Reference 6 (Table 4-13) 

Grove Pond GRD-92-02X 1/1/1992 Metals Reference 6 (Table 4-13) 

Grove Pond GRD-92-03X 1/1/1992 Metals Reference 6 (Table 4-13) 

Grove Pond GRD-92-04X 1/1/1992 Metals Reference 6 (Table 4-13) 

Grove Pond GRD-92-05X 1/1/1992 Metals Reference 6 (Table 4-13) 

Grove Pond GRD-95-08X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-09X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-12X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-15X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-16X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-17X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-19X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-20X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-22X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-23X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-24X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-24X Dup 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-25X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-26X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-27X 4/1/1995 Metals, Mercury, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-28X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-29X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-30X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-31X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-32X 4/1/1995 Metals, Mercury, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-32X Dup 4/1/1995 Metals, Mercury, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-35X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-36X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-37X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-38X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-39X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-40X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-41X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-42X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-43X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-44X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-45X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-46X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-47X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-48X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-49X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Near-shore Sediment 
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TABLE 2-4

SAMPLE SUMMARY FOR BASELINE HUMAN HEALTH RISK ASSESSMENT 

GROVE POND/PLOW SHOP POND

Location Sample No Date Analyses Source Id. 

Grove Pond GRD-95-53X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-54X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRD-95-55X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-2) 

Grove Pond GRS-95-01X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-02X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-03X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-04X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-05X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-06X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-07X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-08X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-08X Dup 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-09X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-10X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-11X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-12X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-13X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-14X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond GRS-95-15X 4/1/1995 Metals, PCBs/Pesticides, SVOCs Reference 21 (Table 4-4) 

Grove Pond G-SED-1 2/2/2005 Metals, PCBs/Pesticides, PAHs study 

Grove Pond G-SED-3 2/2/2005 Metals, PCBs/Pesticides, PAHs study 

Grove Pond G-SED-3 Dup 2/2/2005 Metals, PCBs/Pesticides, PAHs study 

Grove Pond GSEM-1 9/11/1998 Metals Reference 38 & 39 

Grove Pond GSEM-2 9/11/1998 Metals Reference 38 & 39 

Grove Pond GSEM-4 9/11/1998 Metals Reference 38 & 39 

Grove Pond GV1 1/1/2001 Metals Reference 54 

Grove Pond GV10 1/1/2001 Metals Reference 54 

Grove Pond GV5 1/1/2001 Metals Reference 54 

Grove Pond GV6 1/1/2001 Metals Reference 54 

Grove Pond GV7 1/1/2001 Metals Reference 54 

Grove Pond GV8 1/1/2001 Metals Reference 54 

Grove Pond GV9 1/1/2001 Metals Reference 54 

Grove Pond MADEP A 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond MADEP B 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond MADEP C 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond MADEP D 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond MADEP E 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond MADEP F 1/1/1992 Metals Reference 32 (Table 1) 

Grove Pond PZ-1 8/4/1999 Metals, PCBs/Pesticides, SVOCs Reference 40 

Grove Pond PZ-2 8/4/1999 Metals, PCBs/Pesticides, SVOCs Reference 40 

Grove Pond S-1 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 6 

Grove Pond S-2 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 6 

Grove Pond S-3 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 6 

Grove Pond S-4 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 6 

Grove Pond SD-01 8/1/1999 Metals Reference 54 

Grove Pond SD-03 8/1/1999 Metals Reference 54 

Grove Pond SD-05 8/1/1999 Metals Reference 54 

Grove Pond SD-06 8/1/1999 Metals Reference 54 

Grove Pond SD-07 8/1/1999 Metals Reference 54 

Grove Pond SD-08 8/1/1999 Metals Reference 54 

Grove Pond SED-A 10/2/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SED-B 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SED-C 10/2/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SED-D 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SED-E 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SED-F 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SED-G 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SEDIMENT 1 4/29/1994 PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SEDIMENT 3 4/29/1994 PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SEDIMENT 4 4/29/1994 PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SEDIMENT 5 4/29/1994 PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SEDIMENT 6 4/29/1994 PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SEDIMENT 7 4/29/1994 PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SW-1 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 8 

Grove Pond SW-2 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 8 

Grove Pond SW-3 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 8 

Grove Pond SW-4 12/22/1993 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 8 

Plow Shop Pond PS1 1/1/2001 Metals Reference 54 

Plow Shop Pond PS2 1/1/2001 Metals Reference 54 
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TABLE 2-4

SAMPLE SUMMARY FOR BASELINE HUMAN HEALTH RISK ASSESSMENT 

GROVE POND/PLOW SHOP POND

Location Sample No Date Analyses Source Id. 

Plow Shop Pond PS4 1/1/2001 Metals Reference 54 

Plow Shop Pond PS5 1/1/2001 Metals Reference 54 

Plow Shop Pond PS7 1/1/2001 Metals Reference 54 

Plow Shop Pond PS8 1/1/2001 Metals Reference 54 

Plow Shop Pond PS9 1/1/2001 Metals Reference 54 

Plow Shop Pond P-SED-1 2/1/2005 Metals, PCBs/Pesticides, PAHs study 

Plow Shop Pond P-SED-11 2/1/2005 Metals, PCBs/Pesticides, PAHs study 

Plow Shop Pond P-SED-2 2/1/2005 Metals, PCBs/Pesticides, PAHs study 

Plow Shop Pond P-SED-3 2/1/2005 Metals, PCBs/Pesticides, PAHs study 

Plow Shop Pond P-SED-4 2/1/2005 Metals, PCBs/Pesticides, PAHs study 

Plow Shop Pond P-SED-8 2/1/2005 Metals, PCBs/Pesticides, PAHs study 

Plow Shop Pond P-SED-9 2/1/2005 Metals, PCBs/Pesticides, PAHs study 

Plow Shop Pond PSEM-1 9/11/1998 Metals Reference 38 & 39 

Plow Shop Pond PSEM-2 9/11/1998 Metals Reference 38 & 39 

Plow Shop Pond PSEM-3 9/11/1998 Metals Reference 38 & 39 

Plow Shop Pond PSP02 3/2/2004 Metals study 

Plow Shop Pond PSP02 Dup 3/2/2004 Metals study 

Plow Shop Pond PSP03 3/2/2004 Metals study 

Plow Shop Pond PSP05 3/3/2004 Metals study 

Plow Shop Pond PSP06 3/3/2004 Metals study 

Plow Shop Pond PSP07 3/3/2004 Metals study 

Plow Shop Pond PSP08 3/3/2004 Metals study 

Plow Shop Pond PSP09 3/3/2004 Metals study 

Plow Shop Pond PSPC05 3/5/2004 Metals study 

Plow Shop Pond PSPC06 3/5/2004 Metals study 

Plow Shop Pond PSPC06 Dup 3/5/2004 Metals study 

Plow Shop Pond PSPC09 3/3/2004 Metals study 

Plow Shop Pond PSPC10 3/3/2004 Metals study 

Plow Shop Pond PSPC11 3/4/2004 Metals study 

Plow Shop Pond PSPC12 3/4/2004 Metals study 

Plow Shop Pond PSPC13 3/4/2004 Metals, VOCs study 

Plow Shop Pond PSPC14 3/4/2004 Metals study 

Plow Shop Pond PSPC15 3/5/2004 Metals study 

Plow Shop Pond PSPC16 3/5/2004 Metals study 

Plow Shop Pond PSPC17 3/5/2004 Metals study 

Plow Shop Pond PSPC17 Dup 3/5/2004 Metals study 

Plow Shop Pond PSPC18 3/5/2004 Metals study 

Plow Shop Pond PSPC19 3/5/2004 Metals study 

Plow Shop Pond PSPC19 Dup 3/5/2004 Metals study 

Plow Shop Pond PSPCORE1 9/1/2000 Metals Reference 54 

Plow Shop Pond PSPCORE2 9/1/2000 Metals Reference 54 

Plow Shop Pond PSPCORE3 9/1/2000 Metals Reference 54 

Plow Shop Pond RHD-94-02X 1/1/1994 Metals, PAHs Reference 20 

Plow Shop Pond RHD-94-03X 1/1/1994 Metals, PAHs Reference 20 

Plow Shop Pond RHD-94-03X Dup 1/1/1994 Metals, PAHs Reference 20 

Plow Shop Pond RHD-94-04X 1/1/1994 Metals, PAHs Reference 20 

Plow Shop Pond RHD-94-05X 1/1/1994 Metals, PAHs Reference 20 

Plow Shop Pond SESHL01 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL02 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL03 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL04 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL05 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL06 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL07 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL08 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL09 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL10 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL11 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SESHL12 1/1/1991 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 21 (Table 1-2) 

Plow Shop Pond SHD-92-01X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-02X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-03X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-03X Dup 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-05X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-06X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-10X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-11X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-17X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-18X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 
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TABLE 2-4

SAMPLE SUMMARY FOR BASELINE HUMAN HEALTH RISK ASSESSMENT 

GROVE POND/PLOW SHOP POND

Location Sample No Date Analyses Source Id. 

Plow Shop Pond SHD-92-19X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-20X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-22X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-23X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-26X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-27X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-28X 1/1/1992 Metals, PCBs/Pesticides Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-29X 1/1/1993 Metals, PCBs/Pesticides, VOCs Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-30X 1/1/1993 Metals, PCBs/Pesticides, VOCs Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-31X 1/1/1993 Metals, PCBs/Pesticides, VOCs Reference 6 (Table 4-5) 

Plow Shop Pond SHD-92-32X 1/1/1993 Metals, PCBs/Pesticides, VOCs Reference 6 (Table 4-5) 

Plow Shop Pond SHD-94-01X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-02X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-03X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-05X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-06X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-07X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-09X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-14X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-15X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-18X 4/1/1995 Metals Reference 21 (Table 4-6) 

Plow Shop Pond SHD-94-20X 4/1/1995 Metals Reference 21 (Table 4-6) 

Surface Water 

Grove Pond G1-2004 11/3/2004 Metals, PCBs/Pesticides study 

Grove Pond G2-2004 11/3/2004 Metals, PCBs/Pesticides study 

Grove Pond G2-2004 Dup 11/3/2004 Metals, PCBs/Pesticides study 

Grove Pond G3-2004 11/3/2004 Metals, PCBs/Pesticides study 

Grove Pond G4-2004 11/3/2004 Metals, PCBs/Pesticides study 

Grove Pond G5-2004 11/3/2004 Metals, PCBs/Pesticides study 

Grove Pond G6-2004 11/3/2004 Metals, PCBs/Pesticides study 

Grove Pond GRW-95-06X 4/1/1995 Metals Reference 21 (Table 4-5) 

Grove Pond GRW-95-07X 4/1/1995 Metals Reference 21 (Table 4-5) 

Grove Pond GRW-95-08X 4/1/1995 Metals Reference 21 (Table 4-5) 

Grove Pond GRW-95-09X 4/1/1995 Metals Reference 21 (Table 4-5) 

Grove Pond GRW-95-09X Dup 4/1/1995 Metals Reference 21 (Table 4-5) 

Grove Pond GRW-95-10X 4/1/1995 Metals Reference 21 (Table 4-5) 

Grove Pond GRW-95-11X 4/1/1995 Metals Reference 21 (Table 4-5) 

Grove Pond SW001 8/25/1998 Metals Reference 54 

Grove Pond SW001F 8/25/1998 Metals, Chloride, Sulfate Reference 54 

Grove Pond SW002 8/25/1998 Metals Reference 54 

Grove Pond SW002F 8/25/1998 Metals, Chloride, Sulfate Reference 54 

Grove Pond SW003 8/25/1998 Metals Reference 54 

Grove Pond SW003F 8/25/1998 Metals, Chloride, Sulfate Reference 54 

Grove Pond SW004 8/25/1998 Metals Reference 54 

Grove Pond SW004F 8/25/1998 Metals, Chloride, Nitrate, Sulfate Reference 54 

Grove Pond SW005 8/25/1998 Metals Reference 54 

Grove Pond SW005F 8/25/1998 Metals, Chloride, Sulfate Reference 54 

Grove Pond SW006 8/25/1998 Metals Reference 54 

Grove Pond SW006F 8/25/1998 Metals, Chloride, Sulfate Reference 54 

Grove Pond SW008 8/25/1998 Metals Reference 54 

Grove Pond SW008 2/24/1999 Metals, Chloride, Nitrate, Sulfate Reference 54 

Grove Pond SW-A 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SW-B 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SW-C 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 
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TABLE 2-4

SAMPLE SUMMARY FOR BASELINE HUMAN HEALTH RISK ASSESSMENT 

GROVE POND/PLOW SHOP POND

Location Sample No Date Analyses Source Id. 

Grove Pond SW-D 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SW-E 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SW-F 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Grove Pond SW-G 10/1/1992 Metals, PCBs/Pesticides, SVOCs, VOCs Reference 11 

Plow Shop Pond PS1-2004 11/3/2004 Metals, PCBs/Pesticides study 

Plow Shop Pond PS2-2004 11/3/2004 Metals, PCBs/Pesticides study 

Plow Shop Pond PS3-2004 11/3/2004 Metals, PCBs/Pesticides study 

Plow Shop Pond PS4-2004 11/3/2004 Metals, PCBs/Pesticides study 

Plow Shop Pond PS5-2004 11/3/2004 Metals, PCBs/Pesticides study 

Plow Shop Pond PS6-2004 11/3/2004 Metals, PCBs/Pesticides study 

Plow Shop Pond PSEM-1 9/11/1998 Metals Reference 38 & 39 

Plow Shop Pond PSEM-2 9/11/1998 Metals Reference 38 & 39 

Plow Shop Pond PSEM-3 9/11/1998 Metals Reference 38 & 39 

Plow Shop Pond PSEM-4 9/11/1998 Metals Reference 38 & 39 

Plow Shop Pond RCSW1 11/19/2004 Metals study 

Plow Shop Pond RCSW2 11/19/2004 Metals study 

Plow Shop Pond RCSW3 11/19/2004 Metals study 

Plow Shop Pond RCSW4 11/19/2004 Metals study 

Plow Shop Pond RED COVE 7/16/2004 Metals study 

Plow Shop Pond SW-SHL-01 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-02 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-03 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-04 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-05 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-06 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-07 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-08 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-09 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-10 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-11 1/1/1991 Metals, PCBs/Pesticides Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-12 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Plow Shop Pond SW-SHL-13 1/1/1991 Metals, PCBs/Pesticides, VOCs Reference 21 (Table 1-1) 

Grove Pond BBH1F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond BBH2F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond BBH3F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond BBH6F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB10F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB1F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB2F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB3F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB4F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB5F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB6F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB7F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB8F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond LMB9F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond YBH4F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond YBH5F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond YBH7F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Grove Pond YBH8F 9/25/1992 Metals, PCBs/Pesticides, SVOCs Reference 5 

Plow Shop Pond PSP05F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP06F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP07F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP07F2 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP12F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP17F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP17F2 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP18F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP18F2 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP19F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP19F2 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP20F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP20F2 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP22F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Plow Shop Pond PSP23F 10/20/1992 Metals, PCBs/Pesticides Reference 6 

Fish Tissue (fillets) 
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TABLE 2-4

SAMPLE SUMMARY FOR BASELINE HUMAN HEALTH RISK ASSESSMENT 

GROVE POND/PLOW SHOP POND

Location Sample No Date Analyses Source Id. 

REFERENCES: 

Number Date Company Title Prepared for: 

5

1-Sep-93 US Fish and Wildlife Concentrations of Mercury and other Environmental 

Contaminants in Fish from Grove Pond, Ayer, 

Massachusetts 

6

1-Dec-93 ABB-ES, Inc. Final Remedial Investigation Addendum Report, Data 

Item A009, Volume I of IV, Report Text 

US Army Environmental 

Center 

8

1-Apr-94 ERM Site Assessment Report, Boston & Maine Railroad 

Property, Fort Devens, Ayer, Massachusetts 

Boston & Maine 

Corporation 

11

1-Dec-94 Grove Pond Field Investigation Metcalf & Eddy for 

MADEP 

20

1-Sep-95 ABB-ES, Inc. Railroad Roundhouse Supplemental Site Investigation, 

Data Item A009 

US Army Environmental 

Center 

21

1-Oct-95 ABB-ES, Inc. Draft Plow Shop Pond and Grove Pond Sediment 

Evaluation, Data Item A009 

US Army Environmental 

Center 

32

1-Dec-97 TRC Environmental Corporation Plow Shop Pond and Grove Pond Ecological Impact 

Evaluation, Fort Devens, Massachusetts 

MADEP 

38

1-Nov-98 EPA Surface Water & Sediment Sampling Fort Devens 

Superfund Site Ayer, MA 

ESAT 

39

21-Jun-05 USEPA Region 1 USEPA Screening Level Ecological Risk Assessment, Fort 

Devens, Ayer, Massachusetts 

40 21-Oct-99 Environmental Compliance Services Field Work and Analytical Results, PDC, Ayers 

54

1-May-99 Phase I Work Plan through March 2002 Grove Pond 

Arsenic Investigation 
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TABLE 2-5

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

GROVE POND

Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment

Exposure

Point

Near-shore Sediment

CAS

Number

7429-90-5

7440-36-0

7440-38-2

7440-39-3

7440-41-7

7440-43-9

7440-70-2

7440-47-3

7440-48-4

7440-50-8

7439-89-6

7439-92-1

7439-95-4

7439-96-5

7439-97-6

7440-02-0

7440-09-7

7782-49-2

7440-22-4

7440-23-5

7440-28-0

7440-62-2

7440-66-6

22967926

83-32-9

208-96-8

120-12-7

56-55-3

50-32-8

205-99-2

191-24-2

207-08-9

218-01-9

Chemical

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium, total

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium

Silver

Sodium

Thallium

Vanadium

Zinc

Mercury, methyl

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(ghi)perylene

Benzo(k)fluoranthene

Chrysene

Minimum

Concentration

(Qualifier)

(1)
1.1

5

2.86

7.4

0.5

0.489

0.51

4.69

2.29

2.61

2

3.29

184

0.39

0.0245

1.98

100

0.424

0.792

100

0.1

5.1

3.12

0.00028

0.019

0.048

0.081

0.19

0.37

0.075

0.084

0.21

0.051

Maximum

Concentration

(Qualifier)

(1)
90000

49.2

1300

470

14.1

730

170000

52000

70

13000

42800

1760

5300

2500

422

69.9

4120

41.2

12.4

6370

82.4

140

770

0.07044

1.3

0.22

2.4

3.4

2.3

5

1.4

4.9

5

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Location

of Maximum

Concentration

GRD-95-42X

PZ-1

GRD-95-26X

GRD-95-27X

GRD-95-45X

BM2

G-SED-3 Dup

GP15

SED-G

BM2

GRD-95-44X

GRD-95-31X

GRD-95-41X

G-SED-3 Dup

GRD-95-44X

GRD-95-42X

SD-08

SD-08

SD-08

GRD-95-31X

SD-08

GP14, GP15

GP12

GV5

GRS-95-11X

G-SED-1

GRD-95-15X

GRD-95-15X

GRS-95-11X

GRS-95-07X

SW-1

SW-1

GRS-95-07X

Detection

Frequency

119-119

14-106

121-131

101-117

31-111

64-124

104-104

125-130

73-114

117-121

119-119

122-130

95-104

122-122

84-108

105-119

48-104

39-114

13-63

79-104

20-95

92-115

116-123

9-9

4-40

4-83

10-83

9-83

7-40

6-75

4-40

12-83

14-83

Range of

Detection

Limits

0.03-700

3.12-90

5.18-70

0.5-14

0.7-16

4.05-28

1.42-28

3-28

10-70

100-373

0.05-1.8

1.71-70

100-5600

0.25-100

0.589-16

98-5600

0.1-110

2.8-65.9

8.03-8.03

0.036-2

0.033-2

0.033-2

0.13-7

0.13-2.7

0.13-8

0.13-3.6

0.066-3

0.12-5

Concentration

Used for

Screening

(2)

90000

49

1300

470

14

730

170000

52000

70

13000

42800

1760

5300

2500

422

69.9

4120

41.2

12.4

6370

82.4

140

770

0.07044

1.3

0.22

2.4

3.4

2.3

5

1.4

4.9

5

Background

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Screening

Toxicity Value

(N/C)

(4)

7600 (N)

3.1 (N)

0.39 (C)

537 (N)

15 (N)

3.7 (N)

ND

22 (N)a

140 (N)

310 (N)

2300 (N)

400 (X)

ND

180 (N)

2.3 (N)

160 (N)

ND

39 (N)

39 (N)

ND

0.52 (N)

7.8 (N)

2300 (N)

0.61 (N)

370 (N)

370 (N) b

2200 (N)

0.62 (C)

0.062 (C)

0.62 (C)

230 (N)c

6.2 (C)

62 (C)

Potential

ARAR/TBC

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

Yes

Yes

Yes

No

No

Yes

No

Yes

No

Yes

Yes

Yes

No

Yes

Yes

No

No

Yes

No

No

Yes

Yes

No

No

No

No

No

Yes

Yes

Yes

No

Yes

Yes

Rationale for

Selection or

Deletion

(5)

ASL

ASL

ASL

BSL

BSL

ASL

NUT

ASL

BSL

ASL

ASL

ASL

NUT

ASL

ASL

BSL

NUT

ASL

BSL

NUT

ASL

ASL

BSL

BSL

BSL

FREQ

BSL

ASL

ASL

ASL

BSL

PAHc

PAHc
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TABLE 2-5

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

GROVE POND

Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment

Exposure

Point

Near-shore Sediment

CAS

Number

53-70-3

206-44-0
86-73-7

193-39-5

90-12-0

91-57-6

91-20-3

85-01-8

129-00-0

72-54-8

72-55-9

50-29-3

72-20-8

100-51-6

117-81-7

101-55-3

85-68-7

7005-72-3

132-64-9

84-74-2

118-74-1

108-88-3

1330-20-7

Chemical

Dibenz(ah)anthracene

Fluoranthene
Fluorene

lndeno(1,2,3-cd)pyrene

Methylnaphthalene, 1-

Methylnaphthalene, 2-

Naphthalene

Phenanthrene

Pyrene

DDD, p,p'-

DDE, p,p'-

DDT, p,p'-

Endrin

Benzyl alcohol

Bis(2-ethylhexyl) phthalate

Bromophenyl phenyl ether, 4-

Butylbenzyl phthalate

Chlorophenyl phenyl ether, 4-

Dibenzofuran

Di-n-butyl phthalate

Hexachloro benzene

Toluene

Xylenes, total

Minimum

Concentration

(Qualifier)

(1)

0.03

0.06
0.049

0.037

1.1

0.47

0.034

0.043

0.059

0.0087 (C)

0.01

0.01

0.028

1.7

0.41

1.7

3

0.84

0.063

3.3

1.7

0.0042

0.0164

Maximum

Concentration

(Qualifier)

(1)

0.73

7.1
1.1

2.9

1.1

4

30

7.7

6.5

2.5 (C)

0.98 (C,M)

1.5 (C,M)

0.028

19

4.9

1.7

3

0.84

0.7

8

1.7

0.0042

0.0164

Units

mg/kg

mg/kg
mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Location

of Maximum

Concentration

G-SED-3 Dup

SW-1
GRD-95-15X,
GRS-95-11X
G-SED-3 Dup

S-2

GRD-95-12X

GRD-95-26X

GRS-95-11X

GRS-95-11X

GRD-95-47X

GRD-95-31X,
GRD-95-31X
GRD-95-29X

GRD-95-31X

GRS-95-11X

PZ-1

GRD-95-15X

GRD-95-15X

GRD-95-15X

GRS-95-07X

GRS-95-09X

GRD-95-15X

SEDIMENT 3

SEDIMENT 1

Detection

Frequency

2-25

21-83
5-83

4-40

1-15

9-81

23-83

23-83

28-83

40-84

39-84

16-84

1-69

2-23

2-15

1-58

1-51

1-58

6-66

2-73

1-58

1-21

1-21

Range of

Detection

Limits

0.13-3.4

0.068-3
0.033-2

0.13-3.4

0.5-5

0.049-2

0.037-2

0.033-2

0.03-2

0.0083-0.36

0.0034-0.36

0.0033-0.36

0.0033-0.36

0.19-4.1

0.13-2

0.033-2

0.13-7

0.033-2

0.035-9.8

0.061-3

0.033-2

0.002-0.054

0.002-0.036

Concentration

Used for

Screening

(2)

0.73

7.1
1.1

2.9

1.1

4

30

7.7

6.5

2.5

0.98

1.5

0.028

19

4.9

1.7

3

0.84

0.7

8

1.7

0.0042

0.0164

Background

Value

(3)

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Screening

Toxicity Value

(N/C)

(4)

0.062 (C)

230 (N)
270 (N)

0.62 (C)

5.6 (N)d

5.6 (N)d

5.6 (N)

2200 (N) e

230 (N)

2.4 (C)

1.7 (C)

1.7 (C)

1.8 (N)

1800 (N)

35 (C)

ND

1200 (N)

ND

15 (N)

610 (N)

0.30 (C)

66 (N)

27 (N)

Potential

ARAR/TBC

Value

(3)

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

Yes

No
No

Yes

No

No

Yes

No

No

Yes
No

No

No

No

No

No

No

No

No

No

No

No

No

Rationale for

Selection or

Deletion

(5)

ASL

BSL
BSL

ASL

BSL

BSL

ASL

BSL

BSL

ASL

BSL

BSL

FREQ

BSL

BSL

FREQ

FREQ

FREQ

BSL

FREQ

FREQ

FREQ

FREQ

Notes:
(1) Minimum/maximum concentration in data determined to be useable for risk assessment.

Qualifiers: C = unknown
M = unknown

(2) Screening concentration = maximum detected concentration.
(3) Chemicals will not be screened out of or re-included in the risk assessment based on background concentrations or ARARs/TBCs.
(4) U.S. EPA Region IX Preliminary Remedial Goals (PRGs) for residential soil, December 28, 2004.

Value Type: C = carcinogenic (target risk = 1e-6).
N = noncarcinogenic (target HI = 0.1)
X = special health-based value not based on carcinogenic/noncarcinogenic endpoints.

Definitions: ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered.
COPC = Chemical of Potential Concern.
N/A = not applicable.
ND = not determined.
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TABLE 2-5

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

GROVE POND

Scenario Timeframe: Current/Future
Medium: Sediment

||Exposure Medium: Sediment

Exposure

Point

CAS

Number

Chemical Minimum

Concentration

(Qualifier)

(1)

Maximum

Concentration

(Qualifier)

(1)

Units Location

of Maximum

Concentration

Detection

Frequency

Range of

Detection

Limits

Concentration

Used for

Screening

(2)

Background

Value

(3)

Screening

Toxicity Value

(N/C)

(4)

Potential

ARARATBC

Value

(3)

Potential

ARARAT BC

Source

COPC

Flag

(Y/N)

Rationale for

Selection or

Deletion

(5)

(5) Rationale Codes
Selection Reason: ASL = above screening level.

PAHc = carcinogenic PAH (although screening concentration < screening toxicity value, included as COPC due to the cumulative nature of carcinogenic PAHs).
Deletion Reason: BSL = below screening level.

FREQ = frequency of detection (chemical detected in less than 5 percent of samples).
NUT = essential nutrient.

Additional Notes:
a PRG for hexavalent chromium.
b PRG for acenaphthene used as a surrogate.
c PRG for pyrene used as a surrogate.
d PRG for naphthalene used as a surrogate.
8 PRG for anthracene used as a surrogate.
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TABLE 2-6

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

GROVE POND

Scenario Timeframe: Current/Future
Medium: Surface Water
Exposure Medium: Surface Water

Exposure

Point

Surface Water

CAS

Number

7429-90-5

7440-38-2

7440-39-3

7440-70-2

7440-47-3

7440-48-4

7440-50-8

7439-89-6

7439-92-1

7439-95-4

7439-96-5

7439-97-6

7440-02-0

14797-55-8

7440-09-7

7440-23-5

7440-66-6

117-81-7

Chemical

Aluminum

Arsenic

Barium

Calcium

Chromium, total

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Nitrate

Nitrogen, NO2+NO3

Potassium

Sodium

Zinc

Bis(2-ethylhexyl) phthalate

Minimum

Concentration

(Qualifier)

(1)
0.008 (J)

0.000001

0.00637

0.0088

0.0008 (J)

0.00028

0.001 (J)

0.00012

0.0003 (J)

0.0017

0.01

0.0011

0.001

0.07

0.0195

0.0013

0.0224

0.005 (J)

0.009

Maximum

Concentration

(Qualifier)

(1)
0.176

0.128

11.9

19700

0.175

0.00043

0.032

390

0.027

3300

268

0.0011

0.032

0.3

0.26

2500

30500

9.11

0.051

Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Location

of Maximum

Concentration

SW001

PZ-2

GSEM-2

GSEM-2

PZ-1R

G6-2004

G2-2004 Dup

GSEM-1

PZ-1

GSEM-2

GSEM-2

PZ-1

PZ-1R

SW-1

GRW-95-10X

GSEM-1

GSEM-1

PZ-1

GRW-95-06X

Detection

Frequency

15-24

18-34

22-30

30-30

12-34

3-24

8-34

30-30

10-34

30-30

30-30

1-23

7-28

3-3

5-6

24-24

24-24

11-28

6-13

Range of

Detection

Limits

0.05-10

0.00254-10

0.005-0.01

0.003-3

0.0002-1.5

0.0015-1.5

0.001-5

0.0005-0.001

0.005-6

0.01-0.01

0.006-12

0.0048-0.01

Concentration

Used for

Screening

(2)

0.176

0.128

11.9

19700

0.175

0.00043

0.032

390

0.027

3300

268

0.0011

0.032

0.3

0.26

2500

30500

9.11

0.051

Background

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Screening

Toxicity Value

(N/C)

(4)

3.6 (N)

0.000045 (C)

0.26 (N)

ND

0.011 (N)a

0.073 (N)

0.15 (N)

1.1 (N)

ND

ND

0.088 (N)

0.0011 (N)

0.073 (N)

1.0 (N)

0.1 (N)b

ND

ND

1.1 (N)

0.0048 (C)

Potential

ARAR/TBC

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

No

Yes

Yes

No

Yes

No

No

Yes

Yes

No

Yes

No

No

No

Yes

No

No

Yes

Yes

Rationale for

Selection or

Deletion

(5)

BSL

ASL

ASL

NUT

ASL

BSL

BSL

ASL

NSL

NUT

ASL

FREQ

BSL

BSL

ASL

NUT

NUT

ASL

ASL

Notes:
(1) Minimum/maximum concentration in data determined to be useable for risk assessment.

Qualifiers: J = estimated
(2) Screening concentration = maximum detected concentration.
(3) Chemicals will not be screened out of or re-included in the risk assessment based on background concentrations or ARARs/TBCs.
(4) U.S. EPA Region IX Preliminary Remedial Goals (PRGs) for tap water, December 28, 2004.

Value Type: C = carcinogenic (target risk = 1e-6).
N = noncarcinogenic (target HI = 0.1)

(5) Rationale Codes
Selection Reason: ASL = above screening level.

NSL = no screening level available.
Deletion Reason: BSL = below screening level.

FREQ = frequency of detection (chemical detected in less than 5 percent of samples).
NUT = essential nutrient.

Definitions: ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered.
COPC = Chemical of Potential Concern.
N/A = not applicable.
ND = not determined.

Additional Notes:
a PRG for hexavalent chromium.
b PRG for nitrite used as a surrogate.
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TABLE 2-8

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

PLOW SHOP POND

Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment

Exposure

Point

Near-shore Sediment

CAS

Number

7429-90-5

7440-36-0

7440-38-2

7440-39-3

7440-41-7

7440-43-9

7440-70-2

7440-47-3

7440-48-4

7440-50-8

7439-89-6

7439-92-1

7439-95-4

7439-96-5

7439-97-6

7440-02-0

7440-09-7

7782-49-2
7440-22-4

7440-23-5

7440-28-0

7440-31-5

7440-62-2

7440-66-6

22967926

83-32-9

208-96-8

120-12-7

56-55-3

50-32-8

205-99-2

191-24-2

207-08-9

Chemical

Aluminum

Antimony

Arsenic

Barium

Beryllium

Cadmium

Calcium

Chromium, total

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Mercury

Nickel

Potassium

Selenium
Silver

Sodium

Thallium

Tin

Vanadium

Zinc

Mercury, methyl

Acenaphthene

Acenaphthylene

Anthracene

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(ghi)perylene

Benzo(k)fluoranthene

Minimum

Concentration

(Qualifier)

(1)
1

5

0.11

0.27

0.4

0.792

0.39

6.9

1.98

2.91

2.5

0.956

13.6

31

0.038

6.3

90.5

0.496
0.589

123

19.7

8.13

3.2

9(B)

0.0057

0.0063 (J)

0.026

0.038

0.09

0.12

0.12

0.072

0.071

Maximum

Concentration

(Qualifier)

(1)

27000

30.7

6800

370

5.41

66 (J2)

34000

37800

59

3450

410000

1214.31

8580

54800

130

87.8

2340

19.2
2

4280

29.4

275

166

1100

0.06538

0.84

0.71

3.4

7.1

6.5

11

5.2

3.7

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg
mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

Location

of Maximum

Concentration

P-SED-3, PSPC14

SHD-94-03X

PSPC14

PSPC14

SHD-92-03X Dup

PSPC14

PSPC13

SESHL02

PSPC13

RHD-94-02X

PSP06

PS1

SHD-94-15X

SHD-92-02X

SESHL11

SHD-94-03X

SESHL08

SHD-92-20X
PSEM-1, PSEM-2,

PSEM-3
SHD-94-14X

PSEM-1

RHD-94-02X

SESHL10

P-SED-9

PS1

P-SED-9

P-SED-9

P-SED-9

P-SED-9

P-SED-9

P-SED-9

P-SED-9

P-SED-9

Detection

Frequency

135-135

7-71

140-148

125-137

27-124

54-129

133-135

135-148

67-123

107-138

135-135

125-148

126-135

134-138

123-145

91-138

54-134

31-125
7-77

84-134

3-56

3-4

78-135

94-138

8-8

7-11

7-7

8-11

9-23

7-7

8-11

7-7

8-11

Range of

Detection

Limits

1.09-500

10-50

5.18-15

0.078-50

0.0044-150

1300-1300

0.0074-150

1.42-150

0.965-150

0.064-500

100-100

2.05-84

0.00018-0.05

1.71-300

100-50000

0.1-1000
0.0061-150

52-50000

18-1000

4.9-4.9

3.39-150

8.03-150

0.0091-0.2

0.2-0.2

0.3-0.8

1-1

0.3-0.3

Concentration

Used for

Screening

(2)

27000

30.7

6800

370

5.41

66

34000

37800

59

3450

410000

1214.31

8580

54800

130

87.8

2340

19.2
2

4280

29.4

275

166

1100

0.06538

0.84

0.71

3.4

7.1

6.5

11

5.2

3.7

Background

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Screening

Toxicity Value

(N/C)

(4)

7600 (N)

3.1 (N)

0.39 (C)

537 (N)

15 (N)

3.7 (N)

ND

22(N)a

140 (N)

310 (N)

2300 (N)

400 (X)

ND

180 (N)

2.3 (N)

160 (N)

ND

39 (N)
39 (N)

ND

0.52 (N)

4700 (N)

7.8 (N)

2300 (N)

0.61 (N)

370 (N)

370 (N)b

2200 (N)

0.62 (C)

0.062 (C)

0.62 (C)

230 (N)c

6.2 (C)

Potential

ARAR/TBC

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

Yes

Yes

Yes

No

No

Yes

No

Yes

No

Yes

Yes

Yes

No

Yes

Yes

No

No

No
No

No

Yes

No

Yes

No

No

No

No

No

Yes

Yes

Yes

No

Yes

Rationale for

Selection or

Deletion

(5)

ASL

ASL

ASL

BSL

BSL

ASL

NUT

ASL

BSL

ASL

ASL

ASL

NUT

ASL

ASL

BSL

NUT

BSL
BSL

NUT

ASL

BSL

ASL

BSL

BSL

BSL

BSL

BSL

ASL

ASL

ASL

BSL

PAHc
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TABLE 2-8

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

PLOW SHOP POND

Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment

Exposure

Point

Near-shore Sediment

CAS

Number

218-01-9

53-70-3

206-44-0

86-73-7

193-39-5
91 -57-6

91-20-3

85-01-8

129-00-0

53469-21 -9

11097-69-1

11096-82-5

72-54-8

72-55-9

50-29-3

76-44-8
132-64-9

67-64-1
78-93-3

75-09-2

75-69-4

Chemical

Chrysene

Dibenz(ah)anthracene

Fluoranthene

Fluorene

lndeno(1,2,3-cd)pyrene
Methylnaphthalene, 2-

Naphthalene

Phenanthrene

Pyrene

PCB1242

PCB1254

PCB1260

DDD, p,p'-

DDE, p,p'-

DDT, p,p'-

Heptachlor
Dibenzofuran

Acetone
Methyl ethyl ketone

Methylene chloride

Trichlorofluoromethane

Minimum

Concentration

(Qualifier)

(1)

0.032

0.028

0.013

0.025

0.048
1

0.024

0.13

0.24

0.11 (J)

0.13

0.05

0.013

0.028

0.0033 (J)

0.02
0.4

0.058
0.023

0.021

0.008

Maximum

Concentration

(Qualifier)

(1)

8.1

1.3

18

/.9

4.5
2

2.4

/0

14

0.11 (J)

0.13

0.05

1.8

1.3

0.13

0.092
0.8

0.54
0.13

0.12

0.008

Units

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg
mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg

mg/kg
mg/kg

mg/kg
mg/kg

mg/kg

mg/kg

Location

of Maximum

Concentration

P-SED-9

P-SED-9

P-SED-9

P-SED-9

P-SED-9
RHD-94-02X,
RHD-94-03X,

RHD-94-03X Dup
P-SED-9

P-SED-9

P-SED-9

P-SED-3

P-SED-3

P-SED-3

SHD-92-02X

SHD-92-02X

SHD-92-28X

SESHL03
RHD-94-03X,

RHD-94-03X Dup
SESHL05
SESHL05,
SESHL09
SESHL09

SHD-92-30X

Detection

Frequency

9-23

7-7

10-23

8-11

7-7
3-4

11-24

11-23

13-23

1-7

1-7

1-7

12-44

16-64

8-52

2-19
2-4

8-13
5-13

10-13

2-16

Range of

Detection

Limits

0.45-0.6

0.3-0.52

0.2-0.2

0.2-0.2

0.089-0.42

0.2-0.41

0.2-0.42

0.053-0.13

0.053-0.13

0.053-0.13

0.008-0.008

0.008-0.076

0.0017-0.071

0.0017-0.012
0.2-0.2

0.01-0.089
0.01-0.089

0.006-0.089

0.006-0.089

Concentration

Used for

Screening

(2)

8.1

1.3

18

/.9

4.5
2

2.4

/0

14

0.11

0.13

0.05

1.8

1.3

0.13

0.092
0.8

0.54
0.13

0.12

0.008

Background

Value

(3)

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A
N/A

N/A

N/A

Screening

Toxicity Value

(N/C)

(4)

62 (C)

0.062 (C)

230 (N)

270 (N)

0.62 (C)

5.6 (N)d

5.6 (N)

2200 (N)e

230 (N)

0.11 (N)

0.11 (N)

0.11 (N)

2.4 (C)

1.7 (C)

1.7 (C)

0.11 (C)
15 (N)

1400 (N)
2200 (N)

9./ (C)

39 (N)

Potential

ARAR/TBC

Value

(3)

N/A

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A
N/A

N/A
N/A

N/A

N/A

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

Yes

Yes

No

No

Yes
No

No

No

No

No

Yes

No

No

No

No

No
No

No
No

No

No

Rationale for

Selection or

Deletion

(5)

PAHc

ASL

BSL

BSL

ASL
BSL

BSL

BSL

BSL

BSL

ASL

BSL

BSL

BSL

BSL

BSL
BSL

BSL
BSL

BSL

BSL

Notes:
(1) Minimum/maximum concentration in data determined to be useable for risk assessment.

Qualifiers: B = constituent present in associated blank
J = estimated
J2 = estimated

(2) Screening concentration = maximum detected concentration.
(3) Chemicals will not be screened out of or re-included in the risk assessment based on background concentrations or ARARs/TBCs.
(4) U.S. EPA Region IX Preliminary Remedial Goals (PRGs) for residential soil, December 28, 2004.

Value Type: C = carcinogenic (target risk = 1e-6).
N = noncarcinogenic (target HI = 0.1)
X = special health-based value not based on carcinogenic/noncarcinogenic endpoints.

Definitions: ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered.
COPC = Chemical of Potential Concern.
N/A= not applicable.
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TABLE 2-8

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

PLOW SHOP POND

Scenario Timeframe: Current/Future
Medium: Sediment
Exposure Medium: Sediment

Exposure

Point

CAS

Number

Chemical Minimum

Concentration

(Qualifier)

(1)

Maximum

Concentration

(Qualifier)

(1)

Units Location

of Maximum

Concentration

Detection

Frequency

Range of

Detection

Limits

Concentration

Used for

Screening

(2)

Background

Value

(3)

Screening

Toxicity Value

(N/C)

(4)

Potential

ARAR/TBC

Value

(3)

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

Rationale for

Selection or

Deletion

(5)

(5) Rationale Codes
Selection Reason: ASL = above screening level.

PAHc = carcinogenic PAH (although screening concentration •
Deletion Reason: BSL = below screening level.

NUT = essential nutrient.

screening toxicity value, included as COPC due to the cumulative nature of carcinogenic PAHs).

Additional Notes:
a PRG for hexavalent chromium.
b PRG for acenaphthene used as a surrogate.
c PRG for pyrene used as a surrogate.
d PRG for naphthalene used as a surrogate.
8 PRG for anthracene used as a surrogate.
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TABLE 2-9

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

PLOW SHOP POND

Scenario Timeframe: Current/Future

Medium: Surface Water

Exposure Medium: Surface Water

Exposure

Point

Surface Water

CAS

Number

7429-90-5

7440-38-2

7440-39-3

7440-70-2

7440-47-3

7440-48-4

7440-50-8

7439-89-6

7439-92-1

7439-95-4

7439-96-5

7440-02-0

7440-09-7

7440-22-4

7440-23-5

7440-66-6

319-84-6

67-66-3

75-09-2

Chemical

Aluminum

Arsenic

Barium

Calcium

Chromium, total

Cobalt

Copper

Iron

Lead

Magnesium

Manganese

Nickel

Potassium

Silver

Sodium

Zinc

Hexachlorocyclohexane, alpha-

Chloroform

Methylene chloride

Minimum

Concentration

(Qualifier)

(D
0.008 (J)

0.0014

0.00335

0.012

0.0008 (J)

0.00083

0.001 (J)

0.214

0.0002 (J)

0.0022

0.00781

0.0008

0.741

0.000564

20

0.003 (J)

0.000013

0.000996

0.00598

Maximum

Concentration

(Qualifier)

(D
0.035

0.38

0.044

18.6

0.001

0.00083

0.0487

29 (J2)

0.0004 (J)

3.3

0.53

0.0442

3

0.0036

25.1

0.0581

0.00007

0.00141

0.00892

Units

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

mg/L

Location

of Maximum

Concentration

RED COVE

RED COVE

RED COVE

PSEM-4

PS4-2004,
PS5-2004,
PS6-2004,

RED COVE

RCSW4

SW-SHL-04

RED COVE

PS4-2004,
PS6-2004

PSEM-4

RED COVE

SW-SHL-04

PSEM-4

SW-SHL-09

PSEM-2

SW-SHL-04

SW-SHL-04

SW-SHL-02

SW-SHL-12

Detection

Frequency

7-15

19-28

28-28

28-28

7-28

1-15

23-28

28-28

6-15

28-28

28-28

18-28

17-17

2-28

17-17

14-28

13-19

6-12

12-12

Range of

Detection

Limits

0.01-0.02

0.001-0.01

0.002-0.00447

0.0002-0.0015

0.0015-0.00429

0.0002-0.005

0.006-0.00876

0.0002-0.003

0.008-0.02

0.0000275-0.0000275

0.00083-0.00083

Concentration

Used for

Screening

(2)

0.035

0.38

0.044

18.6

0.001

0.00083

0.0487

29
0.0004

3.3

0.53

0.0442

3

0.0036

25.1

0.0581

0.00007

0.00141

0.00892

Background

Value

(3)

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Screening

Toxicity Value

(N/C)

(4)

3.6 (N)

0.000045 (C)

0.26 (N)

ND

0.011 (N)a

0.073 (N)

0.15 (N)

1.1 (N)

ND

ND

0.088 (N)

0.073 (N)

ND

)9966693756E

ND

1.1 (N)

0.000011 (C)

0.00017 (C)

0.0043 (C)

Potential

ARAR/TBC

Value

(3)

N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A
N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

No

Yes

No

No
No

No

No

Yes
Yes

No

Yes

No

No

No

No

No

Yes

Yes

Yes

Rationale for

Selection or

Deletion

(5)

BSL

ASL

BSL

NUT
BSL

BSL

BSL

ASL
NSL

NUT

ASL

BSL

NUT

BSL

NUT

BSL

ASL

ASL

ASL

Notes:

(1) Minimum/maximum concentration in data determined to be useable for risk assessment.

Qualifiers: J = estimated

(2) Screening concentration = maximum detected concentration.

(3) Chemicals will not be screened out of or re-included in the risk assessment based on background concentrations or ARARs/TBCs.

(4) U.S. EPA Region IX Preliminary Remedial Goals (PRGs) for tap water, December 28, 2004.

Value Type: C = carcinogenic (target risk = 1e-6).

N = noncarcinogenic (target HI = 0.1)

(5) Rationale Codes

Selection Reason: ASL = above screening level.

NSL = no screening level available.

Deletion Reason: BSL = below screening level.

NUT = essential nutrient.

Definitions: ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered.

COPC = Chemical of Potential Concern.

N/A = not applicable.

ND = not determined.

Additional Notes:
a PRG for hexavalent chromium.
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TABLE 2-10

OCCURRENCE, DISTRIBUTION, AND SELECTION OF CHEMICALS OF POTENTIAL CONCERN

RAGS D TABLE 2

PLOW SHOP POND

Scenario Timeframe: Current/Future
Medium: Fish
Exposure Medium: Fish (filet)

Exposure

Point

Fish (filet)

CAS

Number

7440-38-2

7440-70-2

7440-47-3

7440-48-4

7440-50-8

7439-89-6

7439-95-4

7439-96-5

7439-97-6

7782-49-2

7440-23-5

7440-62-2

7440-66-6

72-55-9

Chemical

Arsenic

Calcium

Chromium, total

Cobalt

Copper

Iron

Magnesium

Manganese

Mercury

Selenium

Sodium

Vanadium

Zinc

DDE, p,p'-

Minimum

Concentration

(Qualifier)

0)

0.09

82.8

0.19

0.11

0.08

1.7

252

0.3

0.12

0.11 (J)

283

0.79

3.4

0.015

Maximum

Concentration

(Qualifier)

(1)

0.15

627

0.24

0.11

0.24

27

344

0.3

4

0.2 (J)

509

0.79

6.1

0.031

Units

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

mg/kg-ww

Location

of Maximum

Concentration

PSP23F

PSP18F2

PSP06F

PSP18F2, PSP20F2

PSP20F2

PSP23F

PSP17F

PSP12F

PSP17F

PSP17F2

PSP20F2

PSP17F

PSP22F

PSP17F2

Detection

Frequency

2-10

10-10

2-10

2-10

10-10

10-10

10-10

1-10

9-10

8-10

10-10

1-10

10-10

2-10

Range of

Detection

Limits

0.04-0.16

0.19-0.2

0.1-0.1

0.28-0.3

0.03-0.03

0.1-0.18

0.73-0.8

0.0096-0.021

Concentration

Used for

Screening

(2)

0.15

627

0.24

0.11

0.24

27

344

0.3

4

0.2

509

0.79

6.1

0.031

Background

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Screening

Toxicity Value

(N/C)

(4)

0.0021 (C)

ND

0.41 (N)a

2.7 (N)

5.4 (N)

41 (N)

ND

2.7 (N)

0.041 (N)b

0.68 (N)

ND

0.14 (N)

41 (N)

0.0093 (C)

Potential

ARAR/TBC

Value

(3)

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

N/A

Potential

ARAR/TBC

Source

COPC

Flag

(Y/N)

Yes

No

No

No

No

No

No

No

Yes

No

No

Yes

No

Yes

Rationale for

Selection or

Deletion

(5)

ASL

NUT

BSL

BSL

BSL

BSL

NUT

BSL

ASL

BSL

NUT

ASL

BSL

ASL

Notes:
(1) Minimum/maximum concentration in data determined to be useable for risk assessment.

Qualifiers: J = estimated
(2) Screening concentration = maximum detected concentration.
(3) Chemicals will not be screened out of or re-included in the risk assessment based on background concentrations or ARARs/TBCs.
(4) U.S. EPA Region III Risk-Based Concentrations (RBCs) for fish ingestion, April 7, 2005.

Value Type: C = carcinogenic (target risk = 1e-6).
N = noncarcinogenic (target HI = 0.1)

(5) Rationale Codes
Selection Reason: ASL = above screening level.
Deletion Reason: BSL = below screening level.

NUT = essential nutrient.

Definitions: ARAR/TBC = Applicable or Relevant and Appropriate Requirement/To Be Considered.
COPC = Chemical of Potential Concern.
N/A = not applicable.
ND = not determined.

Additional Notes:
3 RBC for hexavalent chromium.
b RBC for mercuric chloride.
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TABLE 3-1

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
GROVE POND

Scenario Timeframe:  Current/Future

Medium:  Sediment

Exposure Medium:  Near-shore Sediment

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

Near-shore sediment Aluminum mg/kg 11800 20300 (NP) 90000 20300 mg/kg C97.5 UCL < max

Antimony mg/kg 5.45 11.9 (NP) 49.2 11.9 mg/kg C97.5 UCL < max

Arsenic mg/kg 81.0 158 (NP) 1300 158 mg/kg C97.5 UCL < max

Cadmium mg/kg 13.1 48.6 (NP) 730 48.6 mg/kg C97.5 UCL < max

Chromium, total mg/kg 5070 144 (NP) 52000 144 mg/kg C99 UCL < max

Copper mg/kg 153 795 (NP) 13000 795 mg/kg C97.5 UCL < max

Iron mg/kg 13900 19100 (NP) 42800 19100 mg/kg C97.5 UCL < max

Lead mg/kg 227 382 (LN) 1760 227 mg/kg mean models specify mean

Manganese mg/kg 477 721 (NP) 2500 721 mg/kg C97.5 UCL < max

Mercury mg/kg 24.8 94.4 (NP) 422 94.4 mg/kg C99 UCL < max

Selenium mg/kg 4.86 9.76 (NP) 41.2 9.76 mg/kg C97.5 UCL < max

Thallium mg/kg 8.87 26.4 (NP) 82.4 26.4 mg/kg C99 UCL < max

Vanadium mg/kg 26.8 42.7 (NP) 140 42.7 mg/kg C97.5 UCL < max

Benz(a)anthracene mg/kg 0.401 0.684 (NP) 3.4 0.684 mg/kg C95 UCL < max

Benzo(a)pyrene mg/kg 0.420 0.729 (NP) 2.3 0.729 mg/kg C95 UCL < max

Benzo(b)fluoranthene mg/kg 0.462 0.850 (NP) 5 0.850 mg/kg C95 UCL < max

Benzo(k)fluoranthene mg/kg 0.361 0.839 (NP) 4.9 0.839 mg/kg C97.5 UCL < max

Chrysene mg/kg 0.499 1.10 (NP) 5 1.10 mg/kg C97.5 UCL < max

Dibenz(ah)anthracene mg/kg 0.242 0.263 (N) 0.73 0.263 mg/kg St UCL < max

Indeno(1,2,3-cd)pyrene mg/kg 0.384 0.641 (NP) 2.9 0.641 mg/kg C95 UCL < max

Naphthalene mg/kg 1.10 3.84 (NP) 30 3.84 mg/kg C97.5 UCL < max

DDD, p,p'- mg/kg 0.147 0.381 (NP) 2.5 (C) 0.381 mg/kg C97.5 UCL < max
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TABLE 3-1

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
GROVE POND

Scenario Timeframe:  Current/Future

Medium:  Sediment

Exposure Medium:  Near-shore Sediment

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

Notes:
(1) 95-percent upper confidence limit on the mean concentration (USEPA, ProUCL, 2004).

Distribution: LN = lognormal.
N = normal.
NP = non-parametric.

(2) Data statistic used to represent the exposure point concentration.
C95 = 95% Chebyshev (Mean, StdDev) UCL.
C97.5 = 97.5% Chebyshev (Mean, StdDev) UCL.
C99 = 99% Chebyshev (Mean, StdDev) UCL.
H95 = 95% H-UCL.
St = Student's-t UCL.
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TABLE 3-2

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
GROVE POND

Scenario Timeframe:  Current/Future

Medium:  Surface Water

Exposure Medium:  Surface Water

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

Surface Water Arsenic mg/L 0.0143 0.0767 (NP) 0.128 0.0767 mg/L C99 UCL < max

Barium mg/L 1.21 6.99 (NP) 11.9 6.99 mg/L C99 UCL < max

Chromium, total mg/L 0.0131 0.0740 (NP) 0.175 0.0740 mg/L C99 UCL < max

Iron mg/L 39.2 69.2 (NP) 390 69.2 mg/L HB UCL < max

Lead mg/L 0.00275 0.0117 (NP) 0.027 0.00275 mg/L mean models specify mean

Manganese mg/L 0.206 0.301(NP)              1.04                       0.301                   mg/L                        G95                    UCL < max

Zinc mg/L 1.65 7.19 (NP) 9.11 7.19 mg/L C99 UCL < max

Bis(2-ethylhexyl) phthalate mg/L 0.0153 0.0350 (NP) 0.051 0.0350 mg/L C95 UCL < max

Notes: 
(1) 95-percent upper confidence limit on the mean concentration (USEPA, ProUCL, 2004).

Distribution: N = normal.
NP = non-parametric.

(2) Data statistic used to represent the exposure point concentration. 
C95 = 95% Chebyshev (Mean, StdDev) UCL.
C99 = 99% Chebyshev (Mean, StdDev) UCL. 
HB = Hall's bootstrap UCL.
max = maximum detected concentration. 
St = Student's-t UCL.                                                                                                                                                                                               
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TABLE 3-3

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
GROVE POND

Scenario Timeframe:  Current/Future

Medium:  Fish

Exposure Medium:  Fish (filet)

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

Fish (filet) Cadmium mg/kg 0.0282 0.0736 (NP) 0.151 0.0736 mg/kg C95 UCL < max

Chromium mg/kg 0.227 0.278 (G) 0.488 0.278 mg/kg Gap UCL < max

Lead mg/kg 0.200 0.815 (NP) 0.859 0.200 mg/kg mean models specify mean

Mercury mg/kg 0.307 0.497 (G) 1.04 0.497 mg/kg Gap UCL < max

Vanadium mg/kg 0.0583 0.0715 (N) 0.164 0.0715 mg/kg St UCL < max

PCBs, total mg/kg 0.0464 0.0860 (NP) 0.15 0.0860 mg/kg C95 UCL < max

DDD, p,p'- mg/kg 0.0114 0.0203 (NP) 0.03 0.0203 mg/kg C95 UCL < max

DDE, p,p'- mg/kg 0.0214 0.0424 (NP) 0.07 0.0424 mg/kg C95 UCL < max

Notes:
(1) 95-percent upper confidence limit on the mean concentration (USEPA, ProUCL, 2004).

Distribution: G = gamma.
N = normal.
NP = non-parametric.

(2) Data statistic used to represent the exposure point concentration.
C95 = 95% Chebyshev (Mean, StdDev) UCL.
C99 = 99% Chebyshev (Mean, StdDev) UCL.
Gap = approximate gamma UCL.
St = Student's-t UCL.
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TABLE 3-4

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
PLOW SHOP POND

Scenario Timeframe:  Current/Future

Medium:  Sediment

Exposure Medium:  Near-shore Sediment

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

Near-shore sediment Aluminum mg/kg 6810 9660 (NP) 27000 9660 mg/kg C97.5 UCL < max

Antimony mg/kg 9.85 17.1 (NP) 30.7 17.1 mg/kg C97.5 UCL < max

Arsenic mg/kg 435 930 (NP) 6800 930 mg/kg C97.5 UCL < max

Cadmium mg/kg 8.28 15.3 (NP) 66 (J2) 15.3 mg/kg C97.5 UCL < max

Chromium, total mg/kg 1360 12200 (LN) 37800 12200 mg/kg H95 UCL < max

Copper mg/kg 97.5 297 (NP) 3450 297 mg/kg C97.5 UCL < max

Iron mg/kg 47500 96300 (NP) 410000 96300 mg/kg C97.5 UCL < max

Lead mg/kg 124 229 (NP) 1210 124 mg/kg mean models specify mean

Manganese mg/kg 1980 3020 (LN) 54800 3020 mg/kg H95 UCL < max

Mercury mg/kg 13.8 34.7 (NP) 130 34.7 mg/kg C99 UCL < max

Thallium mg/kg 11.9 13.4 (NP) 29.4 13.4 mg/kg Mod-t UCL < max

Vanadium mg/kg 20.9 35.6 (NP) 166 35.6 mg/kg C97.5 UCL < max

Benz(a)anthracene mg/kg 0.647 3.65 (NP) 7.1 3.65 mg/kg C99 UCL < max

Benzo(a)pyrene mg/kg 1.37 4.67 (G) 6.5 4.67 mg/kg GAp UCL < max

Benzo(b)fluoranthene mg/kg 1.76 3.90 (G) 11 3.90 mg/kg GAp UCL < max

Benzo(k)fluoranthene mg/kg 0.18 1.44 (G) 3.7 1.44 mg/kg GAp UCL < max

Chrysene mg/kg 0.812 4.28 (NP) 8.1 4.28 mg/kg C99 UCL < max

Dibenz(ah)anthracene mg/kg 0.326 0.960 (G) 1.3 0.960 mg/kg GAp UCL < max

Indeno(1,2,3-cd)pyrene mg/kg 1.04 3.66 (G) 4.5 3.66 mg/kg GAp UCL < max

Notes:
(1) 95-percent upper confidence limit on the mean concentration (USEPA, ProUCL, 2004).

Distribution: G = gamma.
LN = lognormal.

Page 1 of 3



TABLE 3-4

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
PLOW SHOP POND

Scenario Timeframe:  Current/Future

Medium:  Sediment

Exposure Medium:  Near-shore Sediment

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

NP = non-parametric.
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TABLE 3-4

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
PLOW SHOP POND

Scenario Timeframe:  Current/Future

Medium:  Sediment

Exposure Medium:  Near-shore Sediment

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

(2) Data statistic used to represent the exposure point concentration.
C97.5 = 97.5% Chebyshev (Mean, StdDev) UCL.
C99 = 99% Chebyshev (Mean, StdDev) UCL.
GAp = approximate gamma UCL.
H95 = 95% H-UCL.
Mod-t = modified Student's-t (adjusted for skewness)
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TABLE 3-5

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
PLOW SHOP POND

Scenario Timeframe:  Current/Future

Medium:  Surface Water

Exposure Medium:  Surface Water

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

Surface Water Arsenic mg/L 0.0175 0.151 (NP) 0.38 0.151 mg/L C99 UCL < max

Iron mg/L 1.52 5.97 (NP) 29 (J2) 5.97 mg/L C95 UCL < max

Lead mg/L 0.000322 0.00379 (NP) 0.0004 (J) 0.000322 mg/L mean models specify mean

Manganese mg/L 0.0862 0.148 (LN) 0.53 0.148 mg/L H95 UCL < max

Hexachlorocyclohexane, alpha- mg/L 0.0000331 0.0000524 (NP) 0.00007 0.0000524 mg/L C95 UCL < max

Chloroform mg/L 0.000795 0.00131 (NP) 0.00141 0.00131 mg/L C95 UCL < max

Methylene chloride mg/L 0.00766 0.00804 (N) 0.00892 0.00804 mg/L St UCL < max

Notes:
(1) 95-percent upper confidence limit on the mean concentration (USEPA, ProUCL, 2004).

Distribution: LN = lognormal.
N = normal.
NP = non-parametric.

(2) Data statistic used to represent the exposure point concentration.
C95 = 95% Chebyshev (Mean, StdDev) UCL.
C99 = 99% Chebyshev (Mean, StdDev) UCL.
H95 = 95% H-UCL.
St = Student's-t UCL.
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TABLE 3-6

EXPOSURE POINT CONCENTRATION SUMMARY
RAGS D TABLE 3

REASONABLE MAXIMUM EXPOSURE
PLOW SHOP POND

Scenario Timeframe:  Current/Future

Medium:  Fish

Exposure Medium:  Fish (filet)

Maximum

Exposure Point Chemical of Units Arithmetic 95%  UCL Concentration Exposure Point Concentration

Potential Concern  Mean (Distribution) (Qualifier) Value Units Statistic Rationale

(1) (2)

Fish (filet) Arsenic mg/kg 0.0498 0.0796 (G) 0.15 0.0796 mg/kg Gap UCL < max

Mercury mg/kg 1.14 2.59 (G) 4 2.59 mg/kg Gap UCL < max

Vanadium mg/kg 0.408 0.449 (NP) 0.79 0.449 mg/kg Mt UCL < max

DDE, p,p'- mg/kg 0.00967 0.0187 (NP) 0.031 0.0187 mg/kg C95 UCL < max

Notes:
(1) 95-percent upper confidence limit on the mean concentration (USEPA, ProUCL, 2004).

Distribution: G = gamma.
NP = non-parametric.

(2) Data statistic used to represent the exposure point concentration.
C95 = 95% Chebyshev (Mean, StdDev) UCL.
Gap = approximate gamma UCL.
Mt = Mod-t UCL (adjusted for skewness).
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TABLE 3-7

VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current

Medium: Sediment

Exposure Medium: Sediment

Exposure Point: Sediment

Receptor Population:  Recreational 

Receptor Age: Adult

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSD Chemical concentration in sediment mg/kg EPC Site Specific CDI (mg/kg-day) = 

IR Ingestion rate mg/day 100 EPA, 1995 (same as soil) (CSD x IR x FI x EF x ED x CF)/(BW x AT)

FI Fraction ingested unitless 100% Professional Judgment

EF Exposure Frequency days/year 65 3 days/week for May-Sept

ED Exposure Duration years 30 Residential recreational adult

CF Conversion factor kg/mg 1.00E-06  - -

BW Body weight kg 70 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 10,950 EPA, 1989

DAD Dermally absorbed dose mg/kg-day Calculated EPA 2004

Dermal DAevent Absorbed dose per enent mg/cm2-event Calculated EPA 2004 DAD (mg/kg-day) = 

EF Exposure Frequency days/year 65 3 days/week for May-Sept (DAevent x EF x ED x EV x SA)/(BW x AT)

ED Exposure Duration years 30 Residential recreational adult

EV Event Frequency events/day 1 Professional Judgment where

SA Surface Area cm2 4,500 EPA 1997, 2004 (25% of total area) DAevent (mg/cm2-event) = 

BW Body weight kg 70 EPA, 1991 CSD x CF x AF x ABSd

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 10,950 EPA, 1989

CSD Chemical concentration in sediment mg/kg EPC Site Specific

CF Conversion factor kg/mg 1.00E-06  - -

AF Soil-Skin Adherence factor mg/cm2-event 1 MADEP (2002-B - sediment)

ABSd Dermal Absorption fraction unitless chemical specific EPA 2004

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1995:  Supplemental Guidance to RAGS: Region IV Bulletins, Human Health Risk Assessment, EPA Region 4, Atlanta, GA, November 1995

EPA, 1997: EPA Exposure Factors Handbook, 1997.

EPA, 2004: Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final

MADEP 2002-B:  Technical Update, Weighted Skin-Soil Adherence Factors.
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TABLE 3-8

VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current

Medium: Surface Water 

Exposure Medium: Surface Water

Exposure Point: Surface Water

Receptor Population:  Recreational 

Receptor Age: Adult

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSW Chemical concentration in surface water mg/L EPC Site Specific CDI (mg/kg-day) = 

IR Ingestion rate - wading l/hour 0.01 EPA, 1995 (10ml/hr) (CSW x IR x ET x EF x ED)/(BW x AT)

ET Exposure time hours/day 4 Professional Judgment
EF Exposure frequency days/year 65 Professional Judgment--3 days/week for 

May-Sept

ED Exposure duration years 30 Residential recreational adult

BW Body weight kg 70 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 10,950 EPA, 1989

DAD Dermally absorbed dose mg/kg-day Calculated EPA 2004

Dermal DAevent Absorbed dose per unit body surface/day mg/cm2-event Calculated EPA 2004 DAD (mg/kg-day) = 

EV Event Frequency events/day 1 Professional Judgment (DAevent x EV x ED x EF x SA)/(BW x AT)

ED Exposure duration years 30 Residential recreational adult
EF Exposure frequency days/year 65 Professional Judgment--3 days/week for 

May-Sept

SA Surface area cm2 4,500 EPA 1997, 2004 (25% of total area) For organics:

BW Body weight kg 70 EPA, 1991 if tevent  is less than or equal to t* then:

AT-C Averaging time (Cancer) days 25,550 EPA, 1989 DAevent (mg/cm2-event) =

AT-N Averaging time (Noncancer) days 5,110 EPA, 1989  2 x FA x Kp x CSW x CF x (SQRT(6 x tauevent x tevent/PI))

FA Fraction absorbed water unitless 1 EPA 2004 (assume no desquamation) if tevent  is greater than t* then:

Kp Permeability coefficient cm/hour Chemical specific  - -

CSW Chemical concentration in surface water mg/L EPC Site Specific

CF Conversion factor L/cm3 0.001 Converts L to cm3

tauevent lag time per event hours/event Chemical specific  - - For inorganics:
tevent Event Duration hours/event 4 Professional Judgment DAevent (mg/cm2-event) =
PI Value of Pi unitless 3.14 - - Kp x CSW x CF x tevent 
t* Time to reach steady-state (hr) = 2.4 x tauevent hours/event Chemical specific - -
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VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current

Medium: Surface Water 

Exposure Medium: Surface Water

Exposure Point: Surface Water

Receptor Population:  Recreational 

Receptor Age: Adult

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1995:  Supplemental Guidance to RAGS: Region IV Bulletins, Human Health Risk Assessment, EPA Region 4, Atlanta, GA, November 1995 http://www.epa.gov/region4/waste/ots/healtbul.htm

EPA, 1997: EPA Exposure Factors Handbook, 1997.

EPA, 2004: Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final
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TABLE 3-9

VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current

Medium: Fish

Exposure Medium: Fish

Exposure Point: Fish

Receptor Population:  Recreational 

Receptor Age: Adult

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSfish Chemical concentration in fish tissue mg/kg EPC Site Specific CDI (mg/kg-day) = 

IRfish Fish ingestion rate g/meal-day 227 EPA, 2000 (8 oz portion for and adult) (CSfish x IR x FI x EF x ED x CF)/(BW x AT)

FI Fraction ingested unitless 1 Professional Judgment
EF Exposure Frequency meal-days/year 41 1.05 meal/week (EPA, 1997-Table 10-63/ 90th percentile) for 

9 temperate months of the year (39 weeks)

ED Exposure Duration years 30 Residential recreational adult

CF Conversion factor kg/g 1.00E-03  - -

BW Body weight kg 70 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 10,950 EPA, 1989 (ED * 365)

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1997: EPA Exposure Factors Handbook, 1997. 

EPA, 2000:  Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories: Volume II Risk Assessment and Fish Consupmption Limits, Third Edition.



TABLE 3-10
VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4
FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current
Medium: Sediment
Exposure Medium: Sediment
Exposure Point: Sediment
Receptor Population:  Recreational User
Receptor Age: Child

      

Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name

Reference

Ingestion CSD Chemical concentration in sediment mg/kg EPC Site Specific CDI (mg/kg-day) = 

IR Ingestion rate mg/day 200 EPA, 1995 (same as soil) (CSD x IR x FI x EF x ED x CF)/(BW x AT)

FI Fraction ingested unitless 100% Professional Judgment

EF Exposure Frequency days/year 65 3 days/week for May-Sept

ED Exposure Duration years 6 Used EPA 1991 value for residential child

CF Conversion factor kg/mg 1.00E-06  - -

BW Body weight kg 15 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 2,190 EPA, 1989

DAD Dermally absorbed dose mg/kg-day Calculated EPA 2004

Dermal DAevent Absorbed dose per enent mg/cm2-event Calculated EPA 2004 DAD (mg/kg-day) = 

EF Exposure Frequency days/year 65 3 days/week for May-Sept (DAevent x EF x ED x EV x SA)/(BW x AT)

ED Exposure Duration years 6 Used EPA 1991 value for residential child

EV Event Frequency events/day 1 Professional Judgment where
SA Surface Area cm2 1,650 25% of the average (male and female) of 50th 

percentile total body surface areas for age = 0 to 
6 years (USEPA, 2004).

DAevent (mg/cm2-event) = 

BW Body weight kg 15 EPA, 1991 CSD x CF x AF x ABSd

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 2,190 EPA, 1989

CSD Chemical concentration in sediment mg/kg EPC Site Specific

CF Conversion factor kg/mg 1.00E-06  - -

AF Soil-Skin Adherence factor mg/cm2-event 1 MADEP (2002-B - sediment)

ABSd Dermal Absorption fraction unitless chemical specific EPA 2004

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1995:  Supplemental Guidance to RAGS: Region IV Bulletins, Human Health Risk Assessment, EPA Region 4, Atlanta, GA, November 1995

EPA, 1997: EPA Exposure Factors Handbook, 1997.

EPA, 2004: Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final

MADEP 2002-B:  Technical Update, Weighted Skin-Soil Adherence Factors.



TABLE 3-11
VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4
FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current
Medium: Surface Water 
Exposure Medium: Surface Water
Exposure Point: Surface Water
Receptor Population:  Recreational User
Receptor Age: Child

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSW Chemical concentration in surface water mg/L EPC Site Specific CDI (mg/kg-day) = 

IR Ingestion rate - wading l/hour 0.05 EPA, 1995 (50ml/hr) (CSW x IR x ET x EF x ED)/(BW x AT)

ET Exposure Time hours/day 4 Professional Judgment
EF Exposure Frequency days/year 65 Professional Judgment--3 days/week for 

May-Sept

ED Exposure Duration years 6 EPA, 1991

BW Body weight kg 15 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 2,190 EPA, 1989

DAD Dermally absorbed dose mg/kg-day Calculated EPA 2004

Dermal DAevent Absorbed dose per unit body surface/day mg/cm2-event Calculated EPA 2004 DAD (mg/kg-day) = 

EV Event Frequency events/day 1 Professional Judgment (DAevent x EV x ED x EF x SA)/(BW x AT)

ED Exposure duration years 6 Recreational child
EF Exposure frequency days/year 65 Professional Judgment--3 days/week for 

May-Sept

SA Surface area cm2 1,650 EPA 1997, 2004 (25% of total area) For organics:

BW Body weight kg 15 EPA, 1991 if tevent  is less than or equal to t* then:

AT-C Averaging time (Cancer) days 25,550 EPA, 1989 DAevent (mg/cm2-event) =

AT-N Averaging time (Noncancer) days 2,190 EPA, 1989  2 x FA x Kp x CSW x CF x (SQRT(6 x tauevent x tevent/PI))

FA Fraction absorbed water unitless 1 EPA 2004 (assume no desquamation)

Kp Permeability coefficient cm/hour Chemical specific  - -

CSW Chemical concentration in surface water mg/L EPC Site Specific

CF Conversion factor L/cm3 0.001 Converts L to cm3

tauevent lag time per event hours/event Chemical specific  - - For inorganics:

tevent Event Duration hours/event 4 Professional Judgment DAevent (mg/cm2-event) =

PI Value of Pi unitless 3.14  - - Kp x CSW x CF x tevent 

t* Time to reach steady-state (hr) = 2.4 x tauevent hours/event Chemical specific  - -
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TABLE 3-11
VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4
FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current
Medium: Surface Water 
Exposure Medium: Surface Water
Exposure Point: Surface Water
Receptor Population:  Recreational User
Receptor Age: Child

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1995:  Supplemental Guidance to RAGS: Region IV Bulletins, Human Health Risk Assessment, EPA Region 4, Atlanta, GA, November 1995 http://www.epa.gov/region4/waste/ots/healtbul.htm

EPA, 1997: EPA Exposure Factors Handbook, 1997.

EPA, 2004: Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final
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TABLE 3-12

VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current

Medium: Fish

Exposure Medium: Fish

Exposure Point: Fish

Receptor Population:  Recreational 

Receptor Age: Child

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSfish Chemical concentration in fish tissue mg/kg EPC Site Specific CDI (mg/kg-day) = 

IRfish Fish ingestion rate g/meal-day 85 EPA, 2000 (3 oz portion for a child) (CSfish x IR x FI x EF x ED x CF)/(BW x AT)

FI Fraction ingested unitless 1 Professional Judgment
EF Exposure Frequency meal-days/year 41 1.05 meal/week (EPA, 1997-Table 10-63/ 90th 

percentile) for 9 temperate months of the year 
(39 weeks)

ED Exposure Duration years 6 Residential recreational child

CF Conversion factor kg/g 1.00E-03  - -

BW Body weight kg 15 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 2,190 EPA, 1989

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1997: EPA Exposure Factors Handbook, 1997. 

EPA, 2000:  Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories: Volume II Risk Assessment and Fish Consupmption Limits, Third Edition.



TABLE 3-13

VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current

Medium: Fish

Exposure Medium: Fish

Exposure Point: Fish

Receptor Population: Subsistence

Receptor Age: Adult

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSfish Chemical concentration in fish tissue mg/kg EPC Site Specific CDI (mg/kg-day) = 

IRfish Fish ingestion rate g/meal-day 227 EPA, 2000 (8 oz portion for and adult) (CSfish x IR x FI x EF x ED x CF)/(BW x AT)

FI Fraction ingested unitless 1 Professional Judgment
EF Exposure Frequency meal-days/year 273 Assumed 7 meals/week for 9 temperate 

months of the year (39 weeks)

ED Exposure Duration years 30 EPA 1991 for Residential  adult

CF Conversion factor kg/g 1.00E-03  - -

BW Body weight kg 70 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 10,950 EPA, 1989 

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1997: EPA Exposure Factors Handbook, 1997. 

EPA, 2000:  Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories: Volume II Risk Assessment and Fish Consupmption Limits, Third Edition.



TABLE 3-14

VALUES USED FOR DAILY INTAKE CALCULATIONS

RAGS D TABLE 4

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:  Current

Medium: Fish

Exposure Medium: Fish

Exposure Point: Fish

Receptor Population: Subsistence

Receptor Age: Child

      
Exposure Route Parameter Parameter Definition Units RME RME Intake Equation/

Code  Value Rationale/ Model Name
Reference

Ingestion CSfish Chemical concentration in fish tissue mg/kg EPC Site Specific CDI (mg/kg-day) = 

IRfish Fish ingestion rate g/meal-day 85 EPA, 2000 (3 oz portion for a childt) (CSfish x IR x FI x EF x ED x CF)/(BW x AT)

FI Fraction ingested unitless 1 Professional Judgment
EF Exposure Frequency meal-days/year 273 Assumed 7 meals/week for 9 temperate 

months of the year (39 weeks)

ED Exposure Duration years 6 EPA 1991 for Residential child

CF Conversion factor kg/g 1.00E-03  - -

BW Body weight kg 15 EPA, 1991

AT-C Averaging time (Cancer) days 25,550 EPA, 1989

AT-N Averaging time (Noncancer) days 10,950 EPA, 1989

Notes:

EPA, 1989:  Risk Assessment Guidance for Superfund. Vol. 1: Human Health Evaluation Manual, Part A. OERR. EPA/540/1-89/002.

EPA, 1991:  EPA Human Health Evaluation Manual, Supplemental Guidance: "Standard Default Exposure Factors." OSWER Directive 9285.6-03, March 25, 1991.

EPA, 1996:  EPA Soil Screening Guidance: Technical Background Document, May 1996.

EPA, 2000:  Guidance for Assessing Chemical Contaminant Data for Use in Fish Advisories: Volume II Risk Assessment and Fish Consupmption Limits, Third Edition.



TABLE 3-15
DERMAL ABSORPTION FRACTION FROM SOIL

GROVE POND/PLOW SHOP POND

Compound
Dermal Absorption Fraction 

(ABSd) Notes
Aluminum NQ- Addressed as an uncertainty
Antimony NQ- Addressed as an uncertainty
Arsenic 0.03
Barium NQ- Addressed as an uncertainty
Cadmium (in solid media) 0.001
Cadmium (in water) NA
Chromium, total NQ- Addressed as an uncertainty
Copper NQ- Addressed as an uncertainty
Iron NQ- Addressed as an uncertainty
Lead NQ- Addressed as an uncertainty
Manganese (in sediment or water) NQ- Addressed as an uncertainty
Manganese (in food) NQ- Addressed as an uncertainty
Mercury NQ- Addressed as an uncertainty
Selenium NQ- Addressed as an uncertainty
Thallium NQ- Addressed as an uncertainty
Vanadium NQ- Addressed as an uncertainty
Zinc NQ- Addressed as an uncertainty
Chloroform NQ- Addressed as an uncertainty
Hexachlorocyclohexane, alpha- 0.04
Methylene chloride NQ- Addressed as an uncertainty
Benz(a)anthracene 0.13
Benzo(a)pyrene 0.13
Benzo(b)fluoranthene 0.13
Benzo(k)fluoranthene 0.13
Chrysene 0.13
Dibenz(ah)anthracene 0.13
Indeno(1,2,3-cd)pyrene 0.13
Naphthalene 0.13
Bis(2-ethylhexyl) phthalate 0.1
PCB 1254 0.14
PCBs, total 0.14 a
DDD, p,p'- 0.03 a
DDE, p,p'- 0.03

Note:

(a) Surrogate value from DDT

(1)  Source: EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health 
Evaluation Manual (Part E, Supplemental Guidance for Dermal Risk Assessment) Final



TABLE 3-16
Dermal Worksheet

Intermediate Variables for Calculating DA(event)
GROVE POND/PLOW SHOP POND

Calculation of DA event for Surface Water

Dermal DAevent Absorbed dose per unit body surface/day mg/cm2-event Calculated EPA 2004
FA Fraction absorbed water unitless 1 EPA 2004 (assume no desquamation)
Kp Permeability coefficient cm/hour Chemical specific  - -

CSW Chemical concentration in surface water mg/L EPC Site Specific
CF Conversion factor L/cm3 0.001 Converts L to cm3

tauevent lag time per event hours/event Chemical specific  - -
tevent Event Duration hours/event 4 Professional Judgment
PI Value of Pi unitless 3.14  - -
t* Time to reach steady-state (hr) = 2.4 x tauevent hours/event Chemical specific  - -

DA event for Organics

where tevent  is less than or equal to t* then:

Equation 1
DAevent (mg/cm2-event) =
 2 x FA x Kp x CSW x CF x (SQRT(6 x tauevent x tevent/PI))

where tevent  is greater than  t* then:

Equation 2

x CF

Organic t*>t event Equation to Use Chem Specific Chem Specific Chem Specific
COPCs in Surface water tevent t* for DA event DA event Factor1 FA Kp Csw CF Factor2 tauevent tevent PI B
Grove Pond
Bis(2-ethylhexyl) phthalate 4 39.93 Yes Equation 1 1.97E-05 2 1 2.50E-02 0.0350 0.001 6 16.64 4 3.142 0.2
Plow Shop Pond
Hexachlorocyclohexane, alpha- 4 10.97 Yes Equation 1 6.81E-09 2 1 1.10E-02 0.0000524 0.001 6 4.57 4 3.142 0.1
Chloroform 4 1.19 No Equation 2 4.45E-08 2 1 6.80E-03 0.00131 0.001 6 0.5 4 3.142 0
Methylene chloride 4 0.76 No Equation 2 1.31E-07 2 1 3.50E-03 0.00804 0.001 6 0.32 4 3.142 0
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TABLE 3-16
Dermal Worksheet

Intermediate Variables for Calculating DA(event)
GROVE POND/PLOW SHOP POND

Calculation of DA event for Surface Water
DA event for Inorganics

DAevent (mg/cm2-event) =
Kp x CSW x CF x tevent 

Inrganic Source of Chem Specific Chem Specific
COPCs in Surface water tevent DA event Kp Kp Csw CF
Grove Pond
Arsenic 4 3.07E-07 default 0.001 0.0767 0.001
Barium 4 2.80E-05 default 0.001 6.99 0.001
Chromium, total 4 5.92E-07 experimental 0.002 0.0740 0.001
Iron 4 2.77E-04 default 0.001 69.2 0.001
Lead 4 4.68E-08 default 0.001 0.0117 0.001
Manganese 4 1.20E-06    default                            0.001       0.301            0.001
Zinc 4 1.73E-05 experimental 6.00E-04 7.19 0.001
Plow Shop Pond
Arsenic 4 6.04E-07 default 0.001 0.151 0.001
Iron 4 2.39E-05 default 0.001 5.97 0.001
Lead 4 1.52E-09 default 0.001 0.000379 0.001
Manganese 4 5.92E-07 default 0.001 0.148 0.001
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TABLE 4-1

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

RAGS D TABLE 5

GROVE POND / PLOW SHOP POND

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency for Dermal (2) Target Uncertainty/Modifying
Concern Value Units (ABSGI) Value Units Organ(s) Factors Source(s) Date(s)

(1)

Aluminum Chronic 1.00E+00 mg/kg/day 1.00 1.00E+00 mg/kg-day Central nervous system 100 PPRTV 3/15/2004

Antimony Chronic 4.00E-04 mg/kg/day 0.15 6.00E-05 mg/kg-day Blood 1000 IRIS 8/29/2005

Arsenic Chronic 3.00E-04 mg/kg/day 1.00 3.00E-04 mg/kg-day Skin 3 IRIS 8/29/2005

Barium Chronic 2.00E-01 mg/kg/day 0.07 1.40E-02 mg/kg-day Cardiovascular system, kidney 300 IRIS 8/29/2005

Cadmium (in solid media) Chronic 1.00E-03 mg/kg/day 0.025 2.50E-05 mg/kg-day Kidney 10 IRIS 8/29/2005

Cadmium (in water) Chronic 5.00E-04 mg/kg/day 0.05 2.50E-05 mg/kg-day Kidney 10 IRIS 8/29/2005

Chromium, total Chronic 3.00E-03 mg/kg/day 0.013 3.90E-05 mg/kg-day Gastrointestinal system 900   IRIS a 8/29/2005

Copper Chronic 3.70E-02 mg/kg/day 1.00 3.70E-02 mg/kg-day Gastrointestinal system 2   HEAST b 7/1/1997

Iron Chronic 3.00E-01 mg/kg/day 1.00 3.00E-01 mg/kg-day Gastrointestinal system NQ NCEA 12/28/2004

Lead NA NA NA 1.00 NA NA Central nervous system NA IRIS 8/29/2005

Manganese (in sediment or water) Chronic 2.40E-02 mg/kg/day 0.04 9.60E-04 mg/kg-day Central nervous system 3   IRIS c 8/29/2005

Manganese (in food) Chronic 1.40E-01 mg/kg/day 0.04 5.60E-03 mg/kg-day Central nervous system 1 IRIS 8/29/2005

Mercury Chronic 3.00E-04 mg/kg/day 0.07 2.10E-05 mg/kg-day Immune system 1000   IRIS d 8/29/2005
Selenium Chronic 5.00E-03 mg/kg/day 1.00 5.00E-03 mg/kg-day Central nervous system, Liver, Ski 3 IRIS 8/29/2005
Thallium Chronic 6.60E-05 mg/kg/day 1.00 6.60E-05 mg/kg-day Liver 3000 PRG 12/28/2004

Vanadium Chronic 1.00E-03 mg/kg/day 0.03 2.60E-05 mg/kg-day Whole body NQ NCEA 12/28/2004

Zinc Chronic 3.00E-01 mg/kg/day 1.00 3.00E-01 mg/kg-day Blood 3 IRIS 8/29/2005

Chloroform Chronic 1.00E-02 mg/kg/day 1.00 1.00E-02 mg/kg-day Liver 100 IRIS 8/29/2005

Hexachlorocyclohexane, alpha- Chronic 5.00E-04 mg/kg/day 1.00 5.00E-04 mg/kg-day Kidney, Liver NQ NCEA 12/28/2004

Methylene chloride Chronic 6.00E-02 mg/kg/day 1.00 6.00E-02 mg/kg-day Liver 100 IRIS 8/29/2005

Benz(a)anthracene NA NA NA 1.00 NA NA NA NA NA NA

Benzo(a)pyrene NA NA NA 1.00 NA NA NA NA NA NA

Benzo(b)fluoranthene NA NA NA 1.00 NA NA NA NA NA NA

Benzo(k)fluoranthene NA NA NA 1.00 NA NA NA NA NA NA

Chrysene NA NA NA 1.00 NA NA NA NA NA NA

Dibenz(ah)anthracene NA NA NA 1.00 NA NA NA NA NA NA

Indeno(1,2,3-cd)pyrene NA NA NA 1.00 NA NA NA NA NA NA

Naphthalene Chronic 2.00E-02 mg/kg/day 1.00 2.00E-02 mg/kg-day Whole body 3000 IRIS 8/29/2005

Bis(2-ethylhexyl) phthalate Chronic 2.00E-02 mg/kg/day 1.00 2.00E-02 mg/kg-day Liver 1000 IRIS 8/29/2005

PCB 1254 Chronic 2.00E-05 mg/kg/day 1.00 2.00E-05 mg/kg-day Immune system, Eyes, Skin 300 IRIS 8/29/2005

PCBs, total Chronic 2.00E-05 mg/kg/day 1.00 2.00E-05 mg/kg-day Immune system, Eyes, Skin 300  IRIS f 8/29/2005

DDD, p,p'- Chronic 2.00E-03 mg/kg/day 1.00 2.00E-03 mg/kg-day Liver 100 PPRTV 8/29/2005
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TABLE 4-1

NON-CANCER TOXICITY DATA -- ORAL/DERMAL

RAGS D TABLE 5

GROVE POND / PLOW SHOP POND

Chemical Chronic/ Oral RfD Oral Absorption Absorbed RfD for Dermal Primary Combined RfD:Target Organ(s)

of  Potential Subchronic Efficiency for Dermal (2) Target Uncertainty/Modifying
Concern Value Units (ABSGI) Value Units Organ(s) Factors Source(s) Date(s)

(1)

DDE, p,p'- Chronic 2.00E-03 mg/kg/day 1.00 2.00E-03 mg/kg-day Liver 100   PPRTV g 8/29/2005

Notes:
Definitions: HEAST = Health Effects Assessment Summary Table.

(2) From EPA 2004-- RfDABS = RfDo x ABSGI IRIS = Integrated Risk Information System.

NA = not available.
Additional Notes: NQ = not quantified
a Hexavalent chromium used as a surrogate. NCEA = National Center for Environmental Assessment.
b MCLG (1.3 mg/L) * 2 L/day / 70 kg. PRG = USEPA Region 9 Preliminary Remediation Goals.
c Assumes 50% dietary intake. PPRTV = Provisional Peer Reviewed Toxicity Value.
d Mercuric chloride used as a surrogate.

f PCB 1254 used as a surrogate.
g p,p'-DDD used as a surrogate.

(1)  Source: EPA 2004. Risk Assessment Guidance for Superfund Volume I: Human Health Evaluation Manual (Part E, Supplemental 
Guidance for Dermal Risk Assessment) Final
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TABLE 4-2

CANCER TOXICITY DATA -- ORAL/DERMAL

RAGS D TABLE 6

GROVE POND / PLOW SHOP POND

Chemical Oral Cancer Slope Factor Oral Absorption Absorbed Cancer Slope Factor Weight of Evidence/ Oral CSF
of Potential  Efficiency for Dermal for Dermal (2) Cancer Guideline  

Concern Value Units (ABSGI) Value Units Description Source(s) Date(s)
(1) (3)

Aluminum NC NC 1.00 NC NC NC NC NC
Antimony NC NC 0.15 NC NC NC NC NC
Arsenic 1.50E+00 (mg/kg-day)-1 1.00 1.50E+00 (mg/kg-day)-1 A IRIS 8/29/2005
Barium NC NC 0.07 NC NC NC NC NC
Cadmium (in solid media) NC NC 0.025 NC NC NC NC NC
Cadmium (in water) NC NC 0.025 NC NC NC NC NC
Chromium, total NC NC 0.013 NC NC NC NC NC
Copper NC NC 1.00 NC NC NC NC NC
Iron NC NC 1.00 NC NC NC NC NC
Lead NA NA 1.00 NA NA B2  IRIS a 8/29/2005
Manganese (in sediment or water NC NC 0.04 NC NC NC NC NC
Manganese (in food) NC NC 0.04 NC NC NC NC NC
Mercury NC NC 0.07 NC NC NC NC NC
Selenium NC NC 1.00 NC NC NC NC NC
Thallium NC NC 1.00 NC NC NC NC NC
Vanadium NC NC 0.03 NC NC NC NC NC
Zinc NC NC 1.00 NC NC NC NC NC
Chloroform NA NA 1.00 NA NA B2  IRIS c 8/29/2005
Hexachlorocyclohexane, alpha- 6.30E+00 (mg/kg-day)-1 1.00 6.30E+00 (mg/kg-day)-1 B2 IRIS 8/29/2005

Methylene chloride 7.50E-03 (mg/kg-day)-1 1.00 7.50E-03 (mg/kg-day)-1 B2 IRIS 8/29/2005

Benz(a)anthracene 7.30E-01 (mg/kg-day)-1 1.00 7.30E-01 (mg/kg-day)-1 B2 NCEA 12/28/2004

Benzo(a)pyrene 7.30E+00 (mg/kg-day)-1 1.00 7.30E+00 (mg/kg-day)-1 B2 IRIS 8/29/2005

Benzo(b)fluoranthene 7.30E-01 (mg/kg-day)-1 1.00 7.30E-01 (mg/kg-day)-1 B2 NCEA 12/28/2004

Benzo(k)fluoranthene 7.30E-02 (mg/kg-day)-1 1.00 7.30E-02 (mg/kg-day)-1 B2 NCEA 12/28/2004

Chrysene 7.30E-03 (mg/kg-day)-1 1.00 7.30E-03 (mg/kg-day)-1 B2 NCEA 12/28/2004

Dibenz(ah)anthracene 7.30E+00 (mg/kg-day)-1 1.00 7.30E+00 (mg/kg-day)-1 B2 NCEA 12/28/2004

Indeno(1,2,3-cd)pyrene 7.30E-01 (mg/kg-day)-1 1.00 7.30E-01 (mg/kg-day)-1 B2 NCEA 12/28/2004
Naphthalene NC NC 1.00 NC NC C IRIS 8/29/2005
Bis(2-ethylhexyl) phthalate 1.40E-02 (mg/kg-day)-1 1.00 1.40E-02 (mg/kg-day)-1 B2 IRIS 8/29/2005

PCB 1254 2.00E+00 (mg/kg-day)-1 1.00 2.00E+00 (mg/kg-day)-1 B2   IRIS b 8/29/2005

PCBs, total 2.00E+00 (mg/kg-day)-1 1.00 2.00E+00 (mg/kg-day)-1 B2   IRIS b 8/29/2005

DDD, p,p'- 2.40E-01 (mg/kg-day)-1 1.00 2.40E-01 (mg/kg-day)-1 B2 IRIS 8/29/2005
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Responses to EPA comments on Draft Human Health Risk Exposure Parameters
Comments received August 9, 2005

EPA COMMENTS:

1 Tables 1, 4 and un-numbered adolescent surface water table: There are some
discrepancies between the equations in the tables and the dermal guidance. Specifically,
DAevent should be mg/cm2-day rather than mg/m3-day. Fraction absorbed (FA) is
missing. The conversion factor (CF, l/cm3) should be replaced by t event (hr/day).
Please see box 3.2, 3.3, and 3.4 in the dermal guidance. Please provide an example
calculation that can be checked by reference to the appendix in the guidance.

RESPONSE: GF has updated all equations to match those included in the Final RAGS:E
guidance. Typographical errors in the units were corrected. GF has included an
example of the calculations performed in Appendix B of the human health risk
assessment.

2 Tables 2, 5, and un-numbered adolescent sediment table: The dermal equation
should be replaced by the dermal equation for soil contact from the dermal guidance (box
3.11 and 3.12). Please provide an example calculation that can be checked by reference
to the appendix in the guidance.

RESPONSE: GF has updated all equations to match those included in the Final RAGS:E
guidance. GF has included an example of the calculations performed in Appendix B of
the human health risk assessment.

3. Tables 2, 5, and un-numbered adolescent sediment table: Although the dermal
equations will be replaced per item no. 2 above, the conversion factor in the dermal part
of these tables should have been 1.00E-06 kg/mg, rather than 1.00E-06 l/cm3.

RESPONSE: Typographical errors in the units have been corrected.

4 Tables 2 ,5, and un-numbered adolescent sediment table: Please provide a copy or
URL for EPA, 1995 (Region IV bulletin) and a paragraph supporting this selection.

RESPONSE: The URL for the cited values is:
http://www. epa. gov/region4/waste/ots/healtbul. htm
This reference has been included in the footnotes of the listed tables.

5. Tables 6: In the rationale column, change "Residential recreational adult" to "Residential
recreational child"

RESPONSE: GF has changed the term "Residential recreational adult" to "Residential
recreational child" in Table 6.



6. Tables 3 & 6: In the RME Value column, round 40.95 to 41.

RESPONSE: GF has rounded the value for exposure frequency from 40.95 meals per
year to 41 meals per year in these tables.
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CALCULATION VERIFICATION

Exposure Point: Sediment
Receptor Population: Recreational
Receptor Age: Adult

CDI (mg/kg-day) =
(CSD x IR x Fi x EF x ED x CF)/(BW x AT)

Ingestion CSD

IR

Fl

EF

ED

CF

BW

AT-C

AT-N

Chemical concentration in sediment

Ingestion rate

Fraction ingested

Exposure Frequency

Exposure Duration

Conversion factor

Body weight

Averaging time (Cancer)

Averaging time (Noncancer)

mg/kg

mg/day

unitless

days/year

years

kg/mg

kg

days

days

EPC

100

100%

65

30

1.00E-06

70

25,550

10,950

| DIMENSIONAL ANALYSIS

|INTAKE FACTOR EXAMPLE CALCULATION

| RISK RESULT EXAMPLE CALCULATION
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CALCULATION VERIFICATION

Exposure Point: Surface Water
Receptor Population: Recreational
Receptor Age: Adult

CDI (mg/kg-day) =

(CSW x IR x ET x EF x ED)/(BW x AT)

Ingestion Csw
IR
ET
EF

ED
BW

AT-C

AT-N

Chemical concentration in surface water

Ingestion rate - wading

Exposure time
Exposure frequency

Exposure duration

Body weight

Averaging time (Cancer)

Averaging time (Noncancer)

mg/L

I/hour

hours/day
days/year

years

kg
days

days

EPC

0.01

4
65

30
70

25,550

10,950

I DIMENSIONAL ANALYSIS

J

|INTAKE FACTOR EXAMPLE CALCULATION

Oo

|RISK RESULT EXAMPLE CALCULATION"

-1

<3.O7(,*-



CALCULATION VERIFICATION

Exposure Point: Fish
Receptor Population: Recreational
Receptor Age: Adult

CDI (mg/kg-day) =
(CSfish x IR x Fl x EF x ED x CF)/(BW x AT)

Ingestion CSfi s h

IRfish

Fl
EF

ED
CF
BW

AT-C

AT-N

Chemical concentration in fish tissue

Fish ingestion rate

Fraction ingested
Exposure Frequency

Exposure Duration

Conversion factor

Body weight

Averaging time (Cancer)

Averaging time (Noncancer)

mg/kg

g/meal-day

unitless
meal-days/year

years

kg/g

kg
days

days

EPC

227

1
41

30
1.00E-03

70
25,550

10,950

I DIMENSIONAL ANALYSIS

IINTAKE FACTOR EXAMPLE CALCULATION

|RISK RESULT EXAMPLE CALCULATION

^ l.sqe



CALCULATION VERIFICATION

Exposure Point: Sediment
Receptor Population: Recreational
Receptor Age: Adult

DAD (mg/kg-day) =
(DAevent x EF x ED x EV x SA)/(BW x AT)
where:
DAevent (mg/cm2-event) =
CSD x CF x AF x ABSd

Dermal

DAD

EF

ED

EV

SA

BW

AT-C

AT-N

CSD

CF

AF
ABSd

Dermally absorbed dose

Absorbed dose per enent

Exposure Frequency

Exposure Duration

Event Frequency

Surface Area

Body weight

Averaging time (Cancer)

Averaging time (Noncancer)

Chemical concentration in sediment

Conversion factor

Soil-Skin Adherence factor

Dermal Absorption fraction

mg/kg-day
mg/cm2-event

days/year

years

events/day

cm2

kg
days

days

mg/kg

kg/mg
mg/cm2-event

unitless

Calculated

Calculated

65

30

1

4,500

70

25,550

10,950

EPC

1.00E-06

1

chemical specific

|DIMENSIONAL ANALYSIS

INTAKE FACTOR EXAMPLE CALCULATION

|RISK RESULT EXAMPLE CALCULATION

ere.



CALCULATION VERIFCATION

Exposure Point: Surface Water

Receptor Population: Recreational

Receptor Age: Adult

DAD (mg/kg-day) =

(DAevent x EV x ED x EF x SA)/(BW x AT)

Where

DAevent (mg/cm2-event) =

See Three possible equations

Calculation of DA event for Surface Water

DA event for Organics

where tevent is less than or equal to t* then:

Equation 1

DAeVent (mg/cm2-event) =

2 x FA x Kp x C s w x CF x (SQRT(6 x tauevent x tevent/PI))

where tevent is greater than t* then:

Equation 2

K '*• C
- B

+ 2

DA event for Inorganics

DAevent (mg/cm2-event) =

Kp X CSw X CF X tevent

3 B -

(1 -
xCF

Dermal D A e v e n t

FA

Kp

Csw

CF

taU event

tevent

PI

t*

Absorbed dose per unit body surface/day

Fraction absorbed water

Permeability coefficient

Chemical concentration in surface water

Conversion factor

lag time per event

Event Duration

Value of Pi

Time to reach steady-state (hr) = 2.4 x taueven

mg/cm2-ctay

unitless

cm/hour

mg/L

L/cm3

hours/event

hours/event

unitless

hours/event

Calculated

1

Chemical specific

EPC

0.001

Chemical specific

4

3.14

Chemical specific

1 of 3



CALCULATION VERIFCATION

I DIMENSIONAL ANALYSIS

Exposure Point: Surface Water
Receptor Population: Recreational
Receptor Age: Adult

><TCslr-A

V-

&v^3^

|INTAKE FACTOR EXAMPLE CALCULATION
For DA event using organics equation

For DA event organics equation 2

For DA event for inorganics

2 of 3



CALCULATION VERIFCATION

Exposure Point: Surface Water
Receptor Population: Recreational
Receptor Age: Adult

Verification of DAD

DAD (mg/kg-day) =
(DAevent x EV x ED x EF x SA)/(BW x AT)

Dermal

DAD
DAevent

EV

ED
EF

SA

BW

AT-C

AT-N

Dermally absorbed dose

Absorbed dose per unit body surface/day

Event Frequency

Exposure duration
Exposure frequency

Surface area

Body weight

Averaging time (Cancer)

Averaging time (Noncancer)

mg/kg-day
mg/cm2-event

events/day

years
days/year

cm2

kg
days

days

Calculated

Calculated

1

30
65

4,500

70

25,550

5,110

[DIMENSIONAL ANALYSIS

[INTAKE FACTOR EXAMPLE CALCULATION

-70 *- Z&J$
1$P

[RISK RESULT EXAMPLE CALCULATION

^

~\

15
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TABLE C-6

VALUES U$tO FOR OAIUV I Ml AKH CALCULATIONS

i • ' : i I •> i." :<:; .• ..V..' .,11.11 AND GROVE i'l.i - l j ; j . ,-.1..\:.. ;.-,•:. I; I -..I. I I : ;

Scenario 1 Imafrwue; tHrrant:

iiirtiv Flali

^jqiuKuin MnJiuin: Fsdi

F>:ilnU,iKi Fe)h|- Flail

: ChlM

1

i

Pflnwnolnr

CDda

Fl
EF

£U

Bit)

AT-C

AT+I

Parnrnl i f Doftillkm

Chon^wl wr^^nlr?1rwi In.rreh HS^JD

Rg?i |nB4?tion TAta

FrrjcUnn if '[jrriJod

ritpowr* tointiw

CrihviiTalan Iddf*

Elcdywulgtir

Avomamg llnm {Cuncar)

Aversamg Urnc.(Ncm«in»r)

LJnlbi

mfi'hg

yuan

Jays

(WE
VslUD

1

it;

J.ina

HMt

Sim EpGdnc

EPA.arj&iSoipoitKmforaehlUj

1.CS msm.Vrtflfc (EPA. 1M7TabUi 1O.«a'9Q|h
[iDKwnllhhl Icr S iqniptHDlo inwilhs or Ihs vair.

PdHrt.rmH r>rtrti*IIC<ltf uhlkl

IjlLnha F<HIBH[*1^

MwJel Nnmo

(t^Mi* IJIr J! FI:K EF »tTO CFl^wi.AT I

Pfiffhs FtKHH II Tims*

.nlnhn FrKflor-Ni

Inlntfl FnnHf-TM

EI"A\ IMS: Iftsft Assess.iien! miltforwe HJ; supermini Vol. 1; Human Hsaim EvaluaWon Mai-wal, pEntA.UtSK, LrA>54<FI-a»rtK2.

EfA, 1B91: EPA minnon Hoollfi EvsSjalkn Manual, Suppteiniinlal QiHiaevs: ^Standand DflfauhEflpcsunaTadnrB/ O5WER DlreeS^i giBS.a-03, Marth.J6.199*.

EPA, 1B97: EPA ExjXJSWB Faslors HandtMoK, 1997.

GPA, ;:M0: ni idntim tor ^.MiiiiHoD Ghunlleul CiKirAmliiiiiil Dirtnfof Uaa In Fluh AiMuartuu: VulUirrt II H)uk AsuonbdiMH mid Piuh CpnnLipTfiilnn Llraltt. Third Ed4art,
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Medium:- FfeJi

Mudkjni F-luh

!: n ih
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TABLE C-Q
H WVfl 0 TAHLE *

VALUES USED FOR DAILY n. .M.l • •', i i I - . : ! • : :

FMLT DEVENS, PLOW SHOP AMD GROVE PONDS, MASSACHUSETTS

Ir^uaU'jn

Pjrmwlnr
Coda

K I H ,

FI-
EF

:
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OF""

A ^

AT-W

Chsminol C n n « H l r a ^ | | l 1 f c h liSBdE

Flnh Ingc^lkin nitt:

Fraction Inadshid.

Ewiihuiti DuhMari
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TABLE C-9 GrovoPimd
i Adult

i-xftogum
Route

lnyesHort

IIIIJII

Us! of Chemicals of PotanlHal
Concern

Aluminum
Aniimariy
Arsanlc
PflNum
CAdfflkim (m edict nWdJa)
CnrMum <m water)
(JllfOltluJrH IcHul
UopjJItr
Iran
Lead
Mart̂ Eiriuse (liiMtiimanlorwWer}

Manganese (In food)
Mertury
Selenium
Triellium
Vanadium

Chloroform
J ley*ehrofocyct)r>»>:iins r • ipfca-
Maihyifififl chloride
H(Mi;'(rrM"Nifiit;i.iiKt
UE^fi^v(u)uyrurio
R<&n2O(b)flU0r0nttl(in8
Hrlnz<i(k)nuOnSrHh{5na
Onrysene

Dihenz{ahjiinthfaCfJrl&
lndeno(1 .2,3-cd)pyjBfiei
Naph1haiQ(it'

PCE 12S4
HCEs, lolai
ODD. p.p1-
1>DE, p,p'-

EPC

Uta.

if.g
1&6

4a.e

;Lni
tBIOO

3B2
721

0

94.4
9-75
25.4
42.7

Cl
Q

0
fl

0 >20

o.aaa
\,i

O.2B3
Q.&41

3.S4
Q

0

0

Untls

mcj/kg
mg/k^
nigrtig
m g y ^
my/kg

rnr^Vy

myflfrO
mg*ig

m g j ^

u*i^^9
m^lhig
my*q
m^Hk!)

mg/ky

iiiy/K^
m[jrtu()

11 irjiK-j
myrtog

n i B ^
nigffiig

mglkg
mgi'lsa

mgi'kg
mgi'kg
mnykfr
nup'kif
mjfi'kj

CincerRlsl< Cakulallon^

InUfco

i.tOE-OT
1.1OE-07
1.10E-07
l.tOE-07

i.iOH-07
1.10E-07
i. rot-&7
1.I0E-Q7
1.10E-07

i.we-07
1.I0E-07
1.I0E-07
1.tO£-O7
1. tflE-07
LtOE-U?
1,10E-07
l.tQE-07
I.10E-07
I.IO.E-O/
1.1OE-L77
l.fOE-07
1.10E-07
1.tQE-O7
1.I0E-07
1.WE-07
1.tOE-07
1.10E-0-7
1.10E-D7
1.10E-D7
1.10E-D-7
1.10E-W

Other \niakt>

Value

2.23E-03
1 30E"0€
1.73E-05

tJ.CME+DO
6.S3E'I)6

1.58E-06
B.7JE-05
2.03E-03
4.19E -06

7.90E-Q5
o.aOE*do

1 .OJE'dSJ
1.07E-06
J.8SE-06
^.6BE-06
O.O0E*0(t
0.00E+0O
o.adE'OD

7,$UE.0B
7.SBE.0H
FJ.^2t-0B
tt.3OF-O8
1.21E-0T

7 03E-O6
4.21E-07

Q.ODE+DO
O-OOE^'OD
D.DI}E+KI
4-15EL-03

UnTts

C^^UnllRljfk

Value

NC
N C

1.SOE+00
NC
NC

NC
NC
NC
NC
NA
NC
NC-
NC-
NO
NC
NC
NC
NA

I BOE-03
7.3UE-01

jf.aiiE-oi
lf.J0E-D2
7.30E-O3
?.30E+D0
7.30E-D1

NC
1.4UE-O2

2.00E+DO
2.00E*y0
2,4aE-0i
3.-wii:-oi

Units

NC
N C
(rng^kg-tfayH
NC
NC
NC
NC
NC

NC
NA
NC
NC
NC

HC
NC

NC
NC
NA

(ni[|/kq-diiy)-1
{{nyVKg-(J<iy)-1
(martin-diiyj-i
((Tifl/kg-flnyj-i

(fflfl/kg-d ay)-1
(mgjk^-rtayj'i
ting^kg-day.r-i

NC
(rng^kLj-dayJ'i
(rrtg^kg-dajH)-1
(mg'kfl"day}-1
(mgfkfl-dayJ-1

Risk

S.60E-<16

o.oOE^-oa
0.00E-I-M
ii.fl/E-iifi
li.83fi-r>/
6.B0E-LHJ
6.71E-03
fl.BOE-10

:2.1CiE-0?
HS.13E-D8

{J.MJE4-O0
I.0CH--OIJ

o.nOE i-oo

J.70E-0&
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TABLE C-B Grov* Pond
RcicroaUdn
Sgdlmant

Exposures
Route

l.i<.t ol Chemicals of PoLunLii.il
Concsfn

EPC

UnHa

Concur Risk Cniculltlonv
Ilh1,lki?

FaetQF
Othnr IntahB

Value I Unit*

CSF/Unll Risk

Value J UnitE

Cancor
Risk



TABLE C ' l Grovo Pond
Rvcruiillortnl Adult
Satiirhortt

ROUlO

Ingeelien

hi i

List o( Chemlciila of Poluritial

Con corn

Aluminum
Antimony
Arsanii;
airttim
Cnfiminm (In solid madia)
[•JadriiinriL (in vtftu'}

rJli'unilum, 1oLul

IfWl

Lead
Manganano (In sediment Df water}
ManjaneM (in food)
Mercury
Scionium
Thallium
vanadium
Zinc
Chloroform
HaMtrilWfir.yiClOhaxarW, fllphrt-
MulriyNiiirJiloMlii
HrM/(iL)[ipitlimcunu
aonzofajpynono
Onn/orjutfltwanthene
Bun ja(K JfliJor^niMinH

Chpysena
1.:!: HI •.- (;ih ;..n • 1 • ir;iC(rni

lnderw{1 ,?,S'Cd)j3yrene
! • , i ii i I - : ! I - • • :

: -i : -" - : • - . - . - ! • i i - i . . , •

P C B 1254
PGHb. lolol
ODD. p.P1'
ODE, php'-

EPC

Value

Z0300
11,ft
15B

JlS.fi

1<44
. ' • . ' • ,

I!l1l):i
362

Tii
0

94.4
9.76
26.4
42.7

(1
0
(1
0

U.[fB4

Q729
0.85

U.S3E)

1.1

0.2G3

0.64 f
3.84

Q
f?

[>

0.381
r>

Units

1 ' • | . ' M 1

rnti^o

ma/Kg
mg^ktj

rid.-k^

iVigrltfl
mg^hg
rny/kg
mo^kn
ni(]'Kii

rrm'ku
ma'kg
rnn'kii
mg^kH
i i"i!j..'ky
mg'kn

nigrKg
mg/kg

mrj/Jtg

Nori 'dncor Hnzjiri* Calculations
IntakH

Factor

2.5EE-07
2.56E-07
2.50E-07
2.5EE-or
2.6fit-f5T

z.tice-or

2.ME-07
2.WE-07
2.&fiE-r>7
2.MErj7
Z-SCE-bV

2.5eE-l>7
2.56E-D7
2.56E-07
2.S6E-D7
2.5eE-Q7
2.56E-07
I.5(iE-07

I.5SE-D7
I.S6E-07
2T)UE-U7
J.5&E-07
2.59E-Q7
J.5&E-07
2.S6E-07
J.56E-07
2.5GE-07
J.S6E-07
2.5BE-07
2.ME-07
2 &GE-07

Olh«r Intake

Value

MSE-03
3.WE-C0
4.WE-05
O.OOt+rjD
1.24E-US

3.nBEf>!i
J.(KSE'H4
4.B9E-W
9-77E!-0S
1.B4E-D4

o.fjOE+oo
2.4fE-05
2.5QE-O6
R.75E-06
1.0&E-05

O.B0E*0I>
o.o(jt»ou
O.flOE^O
O.:OE>OO
I7SE-07
! . • • • ; I I . '

1M7E-O7
5.15E-07
2.BHL-0V

C.73E-06
1.64E-OT
9.B2E-07
O.O&H+Oii
D.00E-HW
0,ODE+D0
8.7&E-0A
IJ.rjIJH+DO

Unils

mg'kg-day
rri^'ka-tJay
mgTkg.day
itif^'ky-day

ms^g-dav
ni[j/k[)(iiiy
rnsffl*O"tfHy

mg/kg-rJay
mg^kfj-day
mg/kg-day
rngfka.-day
mg^kg-day

mg'kET-day
TTig^kg-day

Rtl'kg-riay
mgirHs-clay

nug^kti-dsy
rWjfltfl d,by
mflfTtudoy
rnyj'ky-duy

m^/J^j'flay
mg/Jig-day

mgAg-csay
rnsAe-day
mgflqg-ttay
mg^a-tlay
mgi'ka-tffly
mg.'kghrfay
nifl/lw-duy
nig^krj-rj«y

RfD/RfC

Value

t.OQE*OCi
4.0DE-M
3.0DE-Ofl

1 .ME-03
6.CWF-01
a.ooh O:H
3.70E-02
3.ME-01

MA
2.40E-D2
t/OE-01
3.00E-M
5.00E-03
6.60E-D5

3.00E-01
1.00E-C2
S.00£-C4
6.00E-0?

NA
NA
NA
NA
NA
NA
NA

2100E-02
2.00E-D2
2.0DE-D5
2.00E-06
a,0(JE-l}3
2.00E-03

Unitu

nlaVmtf/day
mg/hgi/day
"lg.'ktf/day

mg^kgydsy
ntrj^krVdny
.•h||.'h! !.•'•:. IV

rrni^kn/(Jny

nuj'kfj/iJny
NA
mqtkqlttay
rng/kg.'day
mgykg/dgy
ma'kflWay
mg^kg^day
rnoflia^Esy
mgi'JujWa^

m^yWay
JTifpfioyday

NA

NA
NA
N A
NA
NA
NA
mg/kgWay
rngyk^i^day
mg'kg^dify
myftflfduy

mgVkfl/day

Hmard

Quotian!

5.19E-03
7.61E-D3
T.3&E-01

O.BOE*OO

CLUOE •OO

1.23t-02
S.&QE-O:I

1.9SE.02

7.i)SC-O3
D.ODE+D0
fi.OSE-02
4.99E-W
102E-D1
1.C9E-02

&.ODE400
D.ME^n
11 M l <IKI

n.twE^o

4.&1E-DS
o.cDEinn
O.ODt+DN
n.OOEiOO
4.07 E-BH
a nflr+oo

3.0BE-01



TABLE C-? Grow Hon<t
Ftdt.r(Ki1luiiLil Atlull
• •; . . M l

Expo&uro
Route

Dsrmal

Brand Total

List of Chemfcalli af P4tf BttSl
Concern

Aluminum
Anllrmony

ArGtHlit;
Ufiflum
^•fidmluffl {In wi ld rn#drfc)
^Lidmuiw {In w i lw)
Chromium, iptai
Copper
Iron
lead
Manganese (in SBdlpflBfjljarIMStu > 1
Manganese {in food}':
Mercury
Selenium
^haillum
Vn npdlMfrt;.
/mr;

t:p-i|i3rt>r<jrm-

1 lexociilonocyGlrsiiexans, nipliu-
Mrjlhytnua L;h 1 r>r 1 ri-rj

Fiievi/(i5)flnlhirfnsarm

8unzu(u)pypBr,rj

Ban^o(b)nuor?nihanB
Don2o(k}1lijQfarithGno
CTirysen*
DibtmyahjanlhraMne
hdeno( < ,2, 3-od Jpyrens
Naphshalena
Bls{2-«i.hy1h(j.n.yl) puthalate.-
PCS 12EH
lJ0fe, lolfll

DUD. H.P'-
DDE, p,p'-

Value

20300
f 1 . a

tea
0

4£.G

1*4
7D5

191 DO

3B2
721

0
.9<i.4

.9.76
£6.4
427

0
0
0
0

0.72a
o.es

O.fl^S
1.1

0.263
O,G<tl

3.!i4

0
I'I

0.4;; I
i ;

Units

ingi^y
mgT^o
I no/xf)

mn*o

i i i •; f,'"K cj

mgi'liua

mgflfg
mgyVg

nlcf'tg

TTiglktj

moJkg
nig/kg
mp;/kg
mt|ftii
mrj/krp

Tig^fl

mq/kL)

mg/ka
mg/kg
flig/kj
mg/kg
mg/k^;
mg/ktj
nijj.'hjj
fnr|.'k;i
mig.'ky

'"I I'li: 1
•nrj.'kij

Hon-CdlilOor1 Hazard Calculatlo/iu

"ISEke
Factor

Intake
Factor

1 .iSE-i 01
i.isf-+oi
i.iyt+rji
1.I6E+D1
l.<Stj-'O1
t.iSt+DI
Ubt+UI
1.1&E+01
1.1OE+01

1.I&E+U1
t.15E+D1
t.1&E+01
1.15E+D1
1.1&E+U1
f.15EHD1
1.1&E+01
l.1Bt+l}1
1.1BE+01

1.ISEHD1

1.1B1E+D1

i.lfj^+fH
1.15E+D1
l.tSE+01
1.l5t+tH
1.t5E+(H
1.15E+01
1.t F6+01
1.fDE+O1

1.t5ti-01
1.T5EJ-01

1.t5E+D1
1.15E+U1
1.t5E'01

Ottior

DA event
factor

:.OOE-06

t.0Or: Uli
l.DUl- ur;
1.001. oij
i.oor ';ii
1 001- DM

l.DOL-OU

t,OOP-on
1.UOE-I3B

1.00E-0&

1.OOE-D6

1.00E-Gir>

l.OOE-DB

t.OOE-06
f.ooE-rje

1.00E-0Q
t.OOE-Dfl

1.00E-0B
t.OOE-Ofl
t.nfiE-tH3
l.(j[.)E'[Hd

t.OOE-OB

t.OOE-DE

t.OOE-06
f.OOE-DG

t.OOE-06
f.ODE-Oe

1.00C-D6
1.QQE-W
l.Otfrf-Ofl
1 .ODE-W
1 .OOE-OC

ABSd

^^^.^^^
3.00EOI

,
t,Ooe-oa

NA

- • - ,

» ! , „ . „

- .-.|...-....L

fl.OOE-OJ

1.30J=-O1
1.30E-01
1.30C-01
1.3DE-01
1.30E-01
T.3DE-01

1.30E-0<
1.3DE-01
1.0dC-Ot
1.flOE-Ot
l.1Ut"O1
3.CHJE-0K

3.DOC-OS

ln[D.ko

Value Urtfts

Irrtako

LVALUE'
WALUEl

JUVALUEI
!i SflE-O/

WAl.Ut l
#VALUE|
jyVALuti
WALUEI
#VALUEI
IKVAJLUEI

(KVALUE!

WALUEI
#VALUEI
I W A L U E I

flWLUEl
HKVALUEI

pHVALUEl
o.oaE*oo

flVAt.tJ£|
1.02E-0B
t.osK'Ofi
1 i/E-OB.
1.2BE-06
1.65E-OS
3.94E-07
9.59E-07
6.V&E-0B

O.DOE'OD

0 . 0 0 I -—•>!!
tl.DOl: Lf!!l

I.3KI-C-7

O.OOlHiii

mgVkg-day
rng/kg-day
rn^Kg^loy

innu'krjUJi1,1

my/k[] -d4Jy

ng/k^^ay
mgy^-ildhy
mg/J(g-<Jay

mg/kg-day
mg/kg-rday
mcj'kg-day
mg/J«g"da/
mg/^g-day

rnn/jg(]-da¥
mg/kij-dny
mu/ioy.du^

Hn0"(flL^"1^
Jtfirf/iuj] d.ty
mriAjj-diiy

rng/iia-day
nigftg-day
mgAcg-flay
rngflia-day

nig/kg-day
mg/kg-tfay
rmg/kyttjiy
mg/kg-day
rrifj.'krjilLLy
rnyJkrj-duy
i^lkg-iiay

VDIUS Units

RfD/KfC

1,00E»00
^iCOE-^5
^.OOli-Oil

^,4{lli-fl?
2.fil.lt:-On

3,90IT-OS
•3;70E-02
aLouj--oi

f*A
•5-S0E-O4

sieoE-os
i,'tOE-O5
!jb,COE-03
fcj«je-OB
:a;BoE-oij
S.OOE-01
ij0OE-(H

6.00E-02
NA-
NA
NA
NA
NA
NA
NA

2.00E-02
?,OOE-0?
U.pttE-05

J.00E-03
Z.00£.0fl

Mtgi'kg-day
niaykn^ay
mt^k^'diiy
moyitfid.iy

rrugr'kg-dMy
mo/ky-day
mg^Hg-day
rng/ky-day
NA
ms^-day
mtj'ifg-clay
mg'>ig-day
mtj^g-riay
n ig/k\j-day
m^'V^-dny
mjjlkig'tj&y
mnJk5)-rtray

nifj.'hsp-dav

nigJk4-d^y

NA
NA
NA
MA
NA
MA
NA
(Vigrifg-dsy-.
p»igfl(g.()ay-
'ppnfka-dpy
ftHji'kfl-da^.
mfl^-ri,ty;

Quotient

Quotient

1 .fl2E-0i+

2.24E-M

O.OOE+00,

2.67E-I)4
O.DDE+Og

0.HIEIM
O. DOE H D*0
j ijfte rirto.nnrs-UQ

0.WE^0O

&.01E-O1

TaTga! organ acniH& all anposyns pathways: Cantral nervous system •
Tanjet origan asaas u II axpnsyra pathways: aiaud =
Tart]fit organ Evcraas a.11 erposyre pathways: EWn =
TwgKSt origan BCTOSS FJ II ax[W!iMre pathways"
Tnjgyt orgfin nrrciss oil oxposuru pathways: Kldn*y n
Target onflan a<iK)fia all eypOK'.irn pathwoy?- OalrtJntMttrwl
TWQat or{](in ncmiip ;Ul jikpn'Upm iinMUwflyrn- Irnmune Vfi\nm
r[i>(|ot nnjnn (ifiruaa mi exposure pauiw«ys; Li«r •

1.34E-02
7.61 E-03
3.17£.0t

, . . , . . II.

... IM I,.

Sale



TABLE C-9 Gravo Pond
| ; I . . M I I , . . I ,

Si ntli merit

Exposure
Route

Ll*{ of Chum Ice 1* of Potontlol
Concern

l.K.

Value Units

Non-CAncor Hntafti Cnlculaiians
Inlakfl
Factof

Othsr Inlako

Value | Units
Target organ across u 1 EtJipoaurs paihways;

RfDfRIC

Vatua | Units
Wido htdV/gro^h -

Hnznrd
•->••:« i



TABLE C-10 Grove Pond
Recreational Adult
Surface Water

Exposure
Route

Ingestion

Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB 1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117
0.301

0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Cancer Risk Calculations
Intake
Factor

4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05

4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05
4.39E-05

Other Intake

Value

0.00E+00
0.00E+00
3.36E-06
3.07E-04
0.00E+00

3.25E-06
0.00E+00
3.03E-03
5.13E-07
1.32E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.15E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.53E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00

Units

CSF/Unit Risk

Value

NC
NC

1.50E+00
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA

6.30E+00
7.50E-03
7.30E-01
7.30E+00
7.30E-01
7.30E-02
7.30E-03
7.30E+00
7.30E-01

NC
1.40E-02

0.00E+00
2.00E+00
2.40E-01
3.40E-01

Units

NC
NC
(mg/kg-day)-1
NC
NC
NC
NC
NC
NC
NA
NC

NC
NC
NC
NC
NC
NC
NA
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
NC
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1

Cancer
Risk

5.05E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

2.15E-08
0.00E+00
0.00E+00
0.00E+00
0.00E+00

5.07E-06
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TABLE C-10 Grove Pond
Recreational Adult
Surface Water

Exposure
Route

Dermal

Grand Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB 1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117
0.301

0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Cancer Risk Calculations
Intake
Factor

Intake
Factor

0.00 E+00
0.00 E+00
1.50 E+00
4.91 E+00
0.00 E+00

4.91 E+00
0.00 E+00
4.91 E+00
4.91 E+00
4.91 E+00

0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
4.91 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00
4.91 E+00
0.00 E+00
0.00 E+00
0.00 E+00
0.00 E+00

DA event

0.00E+00
0.00E+00
3.07E-07
2.80E-05
0.00E+00
0.00E+00
5.92E-07
0.00E+00
2.77E-04
4.68E-08
1.20E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.73E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.97E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00

Other Intake

Value Units

Intake

0.00E+00
0.00E+00
1.51E-06
1.37E-04

0.00E+00
0.00E+00
2.90E-06
0.00E+00
1.36E-03
2.30E-07
5-89E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.47E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
9.68E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00

CSF/Unit Risk

Value Units

CSF/Unit Risk

NC
NC

1.50E+00
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA

6.30E+00
7.50E-03
7.30E-01
7.30E+00
7.30E-01
7.30E-02
7.30E-03
7.30E+00
7.30E-01

NC
1.40E-02

0.00E+00
2.00E+00
2.40E-01
3.40E-01

NC
NC
(mg/kg-day)-1
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
NC
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1

Cancer
Risk

Cancer
Risk

2.26E-06

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.36E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00

3.61 E-06
8.68E-06
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TABLE C-10 Grove Pond
Recreational Adult
Surface Water

Exposure
Route

Ingestion

Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117

0.301
0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Non-Cancer Hazard Calculations
Intake
Factor

1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04
1.02E-04

Other Intake

Value

0.00E+00
0.00E+00
7.85E-06
7.15E-04
0.00E+00
0.00E+00
7.57E-06
0.00E+00
7.08E-03
1.20E-06
3.10E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
7.36E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.58E-06
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

RfD/RfC

Value

1.00E+00
4.00E-04
3.00E-04
2.00E-01
1.00E-03
5.00E-04
3.00E-03
3.70E-02
3.00E-01

NA
2.40E-02
1.40E-01
3.00E-04
5.00E-03
6.60E-05
1.00E-03
3.00E-01
1.00E-02
5.00E-04
6.00E-02

NA
NA
NA
NA
NA
NA
NA

2.00E-02
2.00E-02
2.00E-05
2.00E-05
2.00E-03
2.00E-03

Units

mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
NA
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
NA
NA
NA
NA
NA
NA
NA
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day

Hazard
Quotient

0.00E+00
0.00E+00
2.62E-02
3.58E-03
0.00E+00
0.00E+00
2.52E-03
0.00E+00
2.36E-02

1.29E-03
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.45E-03
0.00E+00
0.00E+00
0.00E+00

0.00E+00
1.79E-04

0.00E+00
0.00E+00
0.00E+00
0.00E+00

5.77E-02
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TABLE C-10 Grove Pond
Recreational Adult
Surface Water

Exposure
Route

Dermal

Grand Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117

0.301
0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Non-Cancer Hazard Calculations
Intake
Factor

Intake
Factor

2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01
2.45E+01

Other

DA event

0.00E+00
0.00E+00
3.07E-07
2.80E-05
0.00E+00
0.00E+00
5.92E-07
0.00E+00
2.77E-04
4.68E-08
1.20E06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.73E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
11.97E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00

Intake

Value Units

Intake

0.00E+00
0.00E+00
7.53E-06
6.86E-04
0.00E+00
0.00E+00
1.45E-05

0.00E+00
6.79E-03
1.15E-06
2.94E05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.23E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
4.84E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

RfD/RfC

Value Units

RfD/RfC

10.00E+00
6.00E-05
3.00E-04
1.40E-02
2.50E-05
2.50E-05
3.90E-05
3.70E-02
3.00E-01

NA
9.60E04
5.60E-03
2.10E-05
5.00E-03
6.60E-05
2.60E-05
3.00E-01
1.00E-02
5.00E-04
6.00E-02

NA
NA
NA
NA
NA
NA
NA

2.00E-02
2.00E-02
2.00E-05
2.00E-05
2.00E-03
2.00E-03

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
NA
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
NA
NA
NA
NA
NA
NA
NA
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

Hazard
Quotient

Hazard
Quotient

2.51 E-02
4.90E-02
0.00E+00

3.72E-01

2.26E-02

3.06E02

1.41E-03

0.00E+00
2.00E-02
0.00E+00
0.00E+00
0.00E+00
0.00E+00

5.31 E-01
5.88E-01

Target organ across all
Target organ across all
Target organ across all
Target organ across all
Target organ across all
Target organ across all
Target organ across all
Target organ across all
Target organ across all

exposure pathways:
exposure pathways:
exposure pathways:
exposure pathways:
exposure pathways:
exposure pathways:
exposure pathways:
exposure pathways:
exposure pathways:

Central nervous system =
Blood =
Skin =
Cardiovascular system =
Kidney =
Gatrointestinal System =
Immune system =
Liver =
Whole body/growth =

3.2E-02
3.86E-03
5.12 E-02
5.26E-02
0.00E+00
4.21 E-01
0.00E+00
2.44E-02
0.00E+00
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TABLE C-11 GrnvoPoml
Ifi-rn..»li.jrMl AtlljlL
F|*li

ExpaAur'a
Route

In jest ion

Totlii
firtififl Trrti-tl

List or CliartilcUli of PoLoriUhL
Cuncofrt

Aluminum
Antimony
Arsenic
•an urn
Cadmium (In'fcofld media)
CudriiiLMii (in wstor)
Ctiromlum. (oiul
CnpjHtf
|rofl
Luatl
Manganese (In 3 wiEmaflt <jf .W8>*)
Many a nmss {Irt food)
Mercury
Selenium
ThalliLEfin

Vanadium
Zinn
Chloroform
HflA<nfchlartir;yclOiJiiB<Bn&i AJpflB*
Mutttyiunii chloHda

!leritu(b)fltjoranlheria
&aniD[K}iliJLirRfitlion(i
Cnrysor*)
Dihena(Bh)iBninrapanB
I ndsno( 12 >«l)|jyrene
NaphihalanB
El is(2-othyflhoxyl> ptillialate
PCR1254
PCBs, iotal
[3[>D, D,p".
Dt)t!, p-.u1-

EPC

V^tUB

0

0

0:0735

0
0

O.fliS
0

0
0.J87

D

0,0715
0

0

a
L)

o
0

a
D

0
D
rj

a

0.D2O3

Unti l

mg/lfog
mflflig

mgffig

mgAg

mn/Kj
mg/ksj
n^fl/kg
inrykg
jyig/kg
flirykg
mg/kg
jvig/kg
mg^g

FTigJkg

rrtg^kg

r»LVkrr

mg^kg
C r b | J •' K r f

rtytkg
rruj/KfJ

mg^kg

mg'krj
mg/kg
tng/kg
mg/kg
rTlfl/k(]
mo'kg
mo/krj

CanCurRkf; Cdlculatlanv
[ntakA

1 .SfiE-04
1 .S6E-W
1 .ME-04
I .MC-t)1!
1.!SfiE-M

1.5BE-O4

:^.I5OE-[M

i .ME'Ol
1.5GE-U4

'•'I'.SfiE-CH
:;1.5QE-O4
xl,S6E-D4
; i .SGE-04

•i.seE-oi
•'i,5fiE-ll4
:'1.66E-04
1.56E-0/I
1 BBMM

1-50E-0-1

VS6E-04
1.56E-fl̂ 1

"if1S6E-ti4
; 1 ^ E - D 4
i.seE-04
1.56E-O/I

1.5SE-O4

OUi«r IntEike

Value

0-OOE*OD

O.DOE+DD

O.O0E*"OO

4.a4G-os
O.QOE+00
(J.O»EH-OU

1 .J7E-W
O.OOEH-00

O.OOE+Kl
y.T'CE-DB

O.O&E+OO
(J.OCtE+rxi
1.12£-05

n.rjOE-'OO
O.ODEH-DO

0.OQE+™
IKOCEHOO

n!oot^o
U.LKIE^D
0.U0li*OO
D.D0E*Q0
O.OOEtOO

. O.DOE+Dt)
•O.OOE+00
•C-uOEKlO
•b.ooe+00

1.34F.-0S

Units

CSF/Unil Risk

vaiua

NC
NC

1.5DE+0I}
HC
NC
NC
NC
NC
MC
NA
NC
NC
NC-
fiO
NC
NC
NC
NA

B.30E*W
7,ME-0i

/.3iit'+0lt
/.yot-01
7-3OE-02
/.30E-03

7.33E+00
7.3OE-O1

NC

1.40E-02
;!.ME+OD

2.D0E+00
?.dOE-O1
;i.4t>Efli

Units

N C

NC

NC
i4C
NC
N C

Nt;
NC
NA
NC
NC

NC
NC

NC
NC

NO
NA

(mg'k£-d.ny)-1
(ma/kfl-doyH

(nmyitifj-dttyH
^mg/^-tJ(iy)-1
{m gftg-day )• 1
{fUJf/kig-rJay J-1
(<Tig/Xg-d£ly)'1
(fllg/kg-day)-f
NC
(**ig^kg-riay)-1
(mgjkg-dny H
(rflg^kg-tfay^-1

(fl^.'kn n.iv>-1

(rrnj^kii Hiiy}-1

Cnncar
RFsk

o.QOE+on

D.CME+OO
O.H1F*«(>

O.OOE'OH
O.DOE+OD

O.OOE+00

O.DOE+OD

o,ooEtcio

0.OOE+&D

7.EHE-I*/
i.ESE-Dti

^.D9E-0i

of2
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Ê

n

£
£
£
£
E
£
s
g
g
E

a; ^

.52 "
| 

"V
s
 

i 
5

 
i 

<
 
: 

5
Y

 
•y

 i
; 

•y
 Y

 -
7

E
 

E
 E

 E
 E

 E
 
E

H
i

C
- O

 O

^
8

L
U
 

^
, 

4- +
 +

 
+

1U
 

LU
 !1J 

U
J

: 
D

O
f
i
S

LU
 tJ

7—4

i 
3

 O
• o

 
a

+
 +

: iu
 

LU
• o

 
ti

d
 d

LLJ 
E
LJ

 LLL ill

ii_ 
3

 
C

J
4U

 
LJJ U

J 
LU

 ilJ
 UJ" 111 N

T
 U

l LU
 N

l III  1
jJ

 L
IJ

 
J

IJ

i 
Q

 
L
O

 Q
1 •A

' io
 
i 

to
 
E

O
 u

i 
E

O
 ™

 <
o

 m
 
I
D

 op- 1
9

I
L

I 
1

-
J 

'
"
 

'-
I 

'
"

• 
'

*
' 

"
r 

I
J

I 
M

t 
m

 
M

l 
J

|
J

•op
 
tp

 ^
J v

 
cp

 to
 

5
5

a> ft co
 
tz

E
 
E

 E
 E

 
E

E
 
E
 
E
 £
 
E
 
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E
E

Jt 
O

 O
 

?
 
C

III ill
f
*
iit

l 
M

il
iIiiiii3

*
s*

i isi-4
-5

H
lff-

j

a
. c

.

^ 
V

 
L
J
^

S
c

a
o

g
flP

L
jiC

i.g
^

g
ii3

.g
-

3
 C

• 
•

•
•

•
:

••--

•
-

•

1•j•
•

-.

• 
to

.Ti
-LLJ

o

•

:
_

o7
\'

_^•I)•-

uL
^

-
-

i i

-,
7

,

—Jr-.

1
1

1
f1

-lil
el

a a
g
 a

rff 
r
tl

•il

ii§

m9-l
:

•

01

;j 
;•;

1 :

II

7>
 IT

.- 
.

•

IIC
- 

Z
L

D
!I 

n
 d

1
 I 

3
i
,
i
*
l

1—
 

J
—

 I—
 1—

 
1—

 
T

—
 

•-—
 

1—
 

1—



TABLE C-12 Orova Pond
KucpviiUCii

' • ' • • I ' l . H l l i

Exposure
Roulo

fngastion

TlJtSl

List of ChomlcalB of PotenliuE
Contftrn

Aluminum
AniirTVOriy

Ansyflic

fjyrium
Cadmium (In ficW modla}
CilLiPTllLrfU ( h Htftal")

Ctuamlum. loin!
Coppef
Iran
uau1

Mpngane».()n sediment ^ I - V R ^ M )
Wangansiss (In load)
Mercury
Saierrluffli:
T]ia!ilinin "
VanadiurfT

Chloraform
RewthloroeycWiJfcMi'ff' oipfta-
MithyUirni uhJdnda

B&rizu^flueranih&ns
6ttisi:i{k)(luorfii"t tfifin B

D^bsnz^ahjajrith racaria
ln*dftno( l ,2r3

ijcd jpyHtne
Neprithalene
Bis(2-ethylh»iiyj} phlfiatala
PCB 1?34
FCBs. lotal
[>HD, jj,ph-

Unt . |i.pn-

EPC

Value

• 2D3OO
11.9
16B

n
•ice

I I J
ran

101 Oil

362
721

0
94.4

9.76

2§.4

42.7

0
0
0

O.0B4

0.725

O.HS

0.S3?
T.I

0.253
0.641

3.64
0
0
0

0.3«t
0

Unila

r^kg
rna'kg
rn^kg

m(]/kEI

rny/k(i

MitVkU

rn^'kg
ma/Jog

mg/iog
rnsj'Xg
mrj^^
mpj^3

myyky

fngyKg
rflgi^g

rnrjJkt;

mgJkg

mtl.'ktr

Can car Rtsk CnlctitaJUont

Factor

2.U5E-07
2.0EE-07
2.05E07

2.05E-C7

2.Dfi&(37
2.D5E-(i7

2.D6E-07
2.0CE-Q7
2.D5E-07
2.05E-07
2.Q5E-07
J.05F-0T
2.a&E-D7
J.OtE-07
2.06E-0?
S06E-P7

S.OSItltf:
Z.OSE^ff
2.O5E-O7
1 .̂0&E-07
2.05E-D7
2.QGE-07
2.05E-07

2.05E-U7
£.05e-fl7
2.0&£-07
£.05E4[7.
2.05E^7

Otllof Intake

Valuo

^.iSE-03
S.44E-06
3.23E-05

fl.SSE-QQ

t StlE-OU
1.ft3£'04
3.EHE-03
7.92E'0l>
1.J18E-0H

O.O&E+OD

1.93E-0S

2.ooe-[>e
5.40E-OS
e.?4E-&a

o.orjE+DQ
0.001:+00
D.HgE+00
0.ODE100
f.'IOE-D?
t.49E-Fj7
k/4Ei-4JV
1,72E-fl7
J.25EHOV

5.3SE-03
1.31 £-07
7.S6E-07

O.00E*0U
!).OOE<-OU
0.OOC4-O&
7.U0E-O9

O.OHEI+OD

Units Valua

NC
tic

1 .SOE+tW
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
HA

6.30E+0D
7.Mt'Q3
F.30.E 01
7.3DE'HHJ
7,i3QE-U1
'7.9OE'r}2
T.3OE-O3

7.3DE-D1
NC

1.4DE^Q2
2JMEM3O
3JOOE*00

^.4UE-n1
3.4CE-01

Units

NC
NC
f<nQ'kg/4ey}-1
NC
NG
NC
NC
NC
NC
NA
NC
HC
NC
NC
NC
NC
NC
NA
(muflig-tfaif^t
{mg/kfl-dfiyl.i
(fll[j/kO-rrny)-l
(HHU/kg-dfly)"1

(m^k£i-day)-1
(mgJKfT-day)-1
(mg/kg-day)-1
(mg^ka-rJayJ-1
NC
(m<j/k{] day)'1
(rn4)'kfl-day)-1
(mgrkg'day)-i
(muykg-(Jfi^)-i
{i i itj'iifl-dEiy )• j

Canccf
RisJi

4.-55E-06

OiffllFHIlU
ii.rjiji- HIM
1,0/1 -:ii-
\.(ll>\ :)r;

1.S6E-O8

t.6^E-og

3-.93C-0?

9.6BE-OB

O.OOE+rXl

[).OOE+0fl
0.00E+(W

(.B7E-M
D.ODItHDO

5,OaE-06

1 Of it



TABLE C-11 drtna Pond
HucHintbnfil Child
' .-illlll !!'

Exposure
Routs

Dermal

Lint of Chemical* or Potential
Concern

Alurltnnunil
Antimony?
Arsenic
Qonium
Cadmium (hi solid mudiflj"
Cadmium (h watnr)
Chrttmlhjm, I0U1I
Coppflf
imn
Lead
Manganese {in pediment trfAatur)
Manganese (In food)
Mercury
Solan ium
ThaKium
Vonndlum
Zinc
Chloroform
MuynchbrcityafcifwairM^lphti
MoUiyturw OhlorWft
Qorvjnjflnihrncnne
Bnnzo[Q)p^rHne

BanzD(k)Hupr?n(hBDfr
Ciirysene
Oibsnz(ah}Sn Hirausriii;
indft,no( 1,2,3-cd)pyrSfl^!"
Naphthalene
EfistS-c-thyiiiexyl) phltuiitto
p CB 1254
^CBtt, lOLBL
:ii)i>, t>,\f-

ii>e. Pip'-

EPC

Value

Z0300
11.9
15B

0
<\n.ts

VA
7rt!i

10 tOO
se?
T21

34.A
9 76
20.4
4?.7

A

n
t)
n

D./2S)

o.es
D.B33

1.1
0.2B3
0.641

3.64
0
n
0

0,3fl1

a

Units

mo>(j
mg/kg
mgyiia

I "i t^i'Ji =; |

l ly /kg

rn^/lig

mgMy

mgyjug

nn£iJkig

nln^fl

mgJljy

nijj/Jin.

mg/iig
mg^g
mgAg

mrj.Vg;

fng/Vg

mnJksj
"fl(|ft!|

IntaK*
Facldr

Nitaka
Factor

1.69E+00
1.69E4-00
1.G9E+0P
1.6SE+00
].6J)E+5O

i.(SBE+nrj

1.69E.+00
1.69E+H0
16SE+QO

i.e9E+oo
1.69E.+Q0-
1.e8E+0fl
1.6BE+0O

1 6&E-I-Dfl
t.6(tE+00
VOUE+DO
l,(S$E.iOO
t.6&E'i-00
1.!)0E+LlU
i.ti&li'tDO
1.69E+D0
1 .S&EH 00

LSSE-tOO
1.63E+00
1.69E+OO
1,59E+00
1 .GBEi+OO

LUflfi+OO

CanCOr Risk C,1lnulalIons

DA event
factor

1.DOE-DB
1.00E-06
taoE-oe
1.00E-06

1.U0E-DB

I.QQE-Ofi
1.00E 08
1-D0E-06
1.00E-DB
1.00E-M
1.00E-DE
1.00E-06
LOOE-nu
1r00E-DC
1.00E-06
4 f|QP_[>g

.OOG-CHJ
I.(]UE-U^

I.OOE-0C

.O(M -̂T1C

I.0OE-0B

I.OOE-06

lr0DE-D5

1.00E-06
1J00E-05

f .00E-06

I.OQE.-QG

t.ODE-00

t.OOE-06

t.oOG-oo
f .0W-: oft
i .orni-oo

Othor

ABSd

p,̂  ^

. — . * . _ _

3.00IE-02

1.0CJE-03

NA
„._, r r h

mmmrm±JMJ. „

• ,

u h H

• • j ^ , _ _ m

. . .

,.w,

1.30E-01
1.305-01
1.30E-01
1.30E-01
1.30E-01
1.30E-01
1.3OE-01
1.30E-01
1.DOE-01
i.ige-Di
1J0E-D1
3.006 it',!
3.0OE-oy

[rtlnkv

Valua Units

LVALUE I
#\/ALUEI

6.00fc:-0€
flVALDEI

6.21E-00

flVAI.UEl
ffVALUE!
ffVALUEl
SVALUEl
SVALU£I
((VALUE!
ffVALUE!
#VALUE!
#VW.UEr

.-LVALUE!
ttVAL.UEf

Q.OGEtOO

WVALUEI

1 W1E-07

(.ft0E-07

1.B7E-07
1.B4(i-07
2.41E-07
S.77E'Q6
1.41E-D7
8.43E-0T

d.OQE+OO
O.ODE+OO

1.1)3^0*?

CSF/Unit RIs*

Value Units

CSFWnitHiBk

NC
NC

1.GDE+0O
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
we
NA

6.30E+OO
7.60E-O:H

7.301*'01
• YfflE i-DO

7,30C-01
7.JOE-D2
7^0£-03

7.30E+DQ

7,3OE-01

NC
' i .UOE-02

S-ODEH QO

33LODE+D()

?;it>E-oi
3,-tOE-OI

NC
NG
(nirUKj-dayJ-i
NC
NC
Nfi
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
MA
{mgflin'dSiy)*-1
<m[j'W<i-driyJ-1
(i mjifug-iJtiy J-1
fmji'kg-dByJ-i
(jii^kg-dayi-1
(msiikg-dEiy)-t
(fnyjkj*-u'ay>l

fnng-Zka-tfayj-i

NC
(mg^kg-daVJ-1
(mg/kEf-0fly)-1
(rnu/kft-doy J-1
(rrig^ka-dsy)-1
(mo^kjuHyj-i

Cancer
Risk

Cancer
Risk

1.2OE-05

1.17E-0S
1.39E.-07
1.34E-OB
1.7BE-0S
4.21E-0/
1:

rQ3E-07

0.0OE+OO
O.OtKEHJD

4.ft3Et-D6

U.bOF.ttm

i,3fiE-&5

. - . • I I



TABLE C-12 Grove Pontt

l-)i|jO^uri!
Rou(a

tngaslion

Total

L M of Clionncals of PolanUal
Concern

Aluminum
Antimony
A7 sonic
Sflrium
Cadmium {In solid medfa)
CtuJmiUnt Îrt wnlnr)
OhlWnlUfTl, loti.il
Cojjptir
low
Lend
Manyan&so (In sediment or water)
Manganese (mfaod)
Mee5j*y
Seleniurri
Thallium
Vaimtfum
Zinc
Chloroform
HowicNorocycWiOKano. alprni-
MwlhylDnn nhrnrliin
B*na^«J«iiilW8i*Bn«
l!<.'n/o(iijjiyn!n<?
B<inzo(b}flgoranr,heriG
Bonzo(i{)flu<iramnan&
ChrysafiB
Dlb<jn>(ah)anthraceno
|firfana{1,2,3-cdJpynene
NaphihaJane
BiS(a-aihylhfljcvl) phlhalHie

PCI3s,to!al
D D D . i>,fj'-
DDE, p,p'-

EPC

V.JIUI/

11.9
1S&

D
48.9

795
19'iCK)

3S.2
721

94.4
9-76
26.4
42.7

0
a
0
0

0.684
U.V29

O.oSS
1.1

D.^41
3.S4

0
0
0

U.3B1
0

Units

nig /Kg

rriy/Ky

mgiTtfl
nr)/K<i
mgfltg
ms^kg
mg/kg
mg/kfl
mg/lo(]
rnsj/kg
mnftQ
• • i . : _ . ; . . i

I I I •!.••-•• 1

m^JSog

moAg
mojkg

• 1 | ! J - " -." = 1

mg/kg
mg/KQ

mj/hjj
my/iy
mfl.'ksj
mjjrfcg
• i i - 1 . ' v l

Non-Cnncer Hazard

Factor

2.33E-DC

2.39L-UG
Z.39E-CK:

23&M$
2.39E-Ue
2.39E^D6
2.39E-D6
2.39E-D6
2;39E-06
2.33E-06
?.39E^ft
Z. 331=^6
2.3BE-0S
a.33E-0&
J.^BE-OO
i.39£-00
i.lBE-OD
£.3BE-0a

2.tat-on
2.39E.0&
2.ME-0B
2-35E-DG
2.33G-0B
2.39E-06
S,3SE^0B
2.^E-CW
2.3UE-06
2.3SL-CK

Oilier intake

J.35E-0J
2.WE-05
3;77E-0fl
O.ODE+DD
ueE-o<

0.0[K:+Ot1
3.44E-04
I.HflE-O^

'J.12E-IM
I.T2E-03

0.0DE+K)
2.26E-04
2.33E-D5
6.^0E-05
1.02E-D4

Q.QOE-KiO

O.DOE-'OO

O.OOE*00
. ! . . • ; ' i n .

1 .saE-oo
1i;7*E-09
2.01E-00
ii.0»£-06
2,63E-O8
«.?et-07
1 .S3E-0G
9,T7E-06
tt.oDE+oa
O.ODEH'tW

D.ODE+OQ

aiOE-or
D.ODEH-Dfl

Unilf.

mg/ks-day
rtlg/kg-Jay
rpg/ka-ffay
rta^kg-nHV
rug/ka-doy
rujj/ka-iki/
, i - i.'kfi il .,•

nio'kfi-rifly
mg'k£r-doy
mgJkB-day
mg/k^-day
mg/kg-day
mg/kg-day
mgjkg-day
mg/ka-day
mg.'kEi-day
rnsj/Kg-flay
mg.'T:g-d9y
mo/Ksi-dny
iiifj/kiidny
fng/ky-doy
fnftftfl'dfty
mfj.1<!j-(;[iv
iriQ/kg-flay
mg/kg-day
mg/kig'tfay
mg.'kg-rfay
mgykg-tfay
mg/kghtfay
rrrg/k^tfay
mg/kejday
mg'kEr-duy
mg/kfi rkiy

L.JI|I LJI.HleiIIt:

RID/RIC

Valuo

•J.OOE+OD

4.KIE-04
3.B0E-M
K.ME-01
1 .{10E-03

s.uoe-w
3.C0E-03
3.7oe-oi
3.G0E.&1

NA
2V10E-Q2
1.40E-D1
3.0DE-Q4
5.00E-03
S.6UE-05
T.0OE-03
3.0BE-01
1.001: .02
B.OB-E-04

NA
HA
NA
MA
NA
NA

2.B0E-02
2.0QE-D2
2.dQE-BS
2.00E-D5
2,00E-n3
X.(H>EU3

Units

tig/kfl/day
ing.'kfli'day
mg/kgfldny
'itfl/kifydHy
ntQ/k^uy
riifl/kd/dhy1

rrifj/hiiyijny
Irly/KyAlUV
mg/kg/()Eiy
NA
mg/l(g/(ffly
mo/kgWay
mg/kgftay
mg^kg/day
mfj^raay
IIV'a-'liTj-

mg*^/day
ffiftfl^ftley
my/kyWjhy

NA
NA
NA
WA
NA
NA
NA
mg.'kg/day
mg/kg/doy
mg^kg/tfay
mg.'kg/aay

ii irj/hHjfiUiy

Haiartl
•Quotiont

4.&5E-02
7.1GE-R2

1 . ^H+M
u.ooE-ira
11617-ni

n onr-Hio
1.1&I- Mi
5.13E-O2
r.w.'.\ in

7.1/E-O2
0. DOE* (10
7.51E-01
4.66E-0J
B.55E-O1
1 G2E-01

O.OOE+OD

O.OOE+OU

o.ODEH-on

o.oi>ir+ffli

4.5oE-0'1
O,BOE*O&

0.DDE4-0D

O.OOE+OD

J1.55E-OJ

0.00C 100
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TABLE C-1J! Grovo Pond
RucruatloiKil Child
Sadlinpnl

Expoaunft

Route

dermal

Orand Tolal

List oi Chomicalfi ofPotonilnl
Concajn

Aluminum
Antimony
Arsenic
3arlurn
Cndmium (In MllrJ ntadfij
Cadmium (h wrHcr),
Chrwnlum, tcnal
Conpsr
Uofi
Lead
Manganese (in setHmanl«i»6ter)
MangafieaS (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hftfrflr.mfifrtCiy^lOhnKHrift, ,i)|}}i|B.
Miriliyhnti diirxido
Bun*(u:)(nilhrbm3CPiij

Qenzolfllpyrena
HGnjoi(b )HuOraniriQTia
B^n^otujflurirflnlhene
Chrysanti
Dibanzferi (anthracene
liiden&p ,2,a-*d>pyfena
Naphthalene
Bie{2-ei}iylhE?*yi) pJiihalate--

PCBa. total
DDO, p,p'-
DD£> prp

J-

Value

20300
11.9
153

•16.6

T44

mtrjo

asi
721

94.J
9.7fi
28.4
42.7

0
0

. 0
0.H84
0.729

t.1
0.2S3
0.641

334
0
0
0

(1

Units

mgAog,

ni^kg
mrr/kg
mfjftg
mn.'kn

mrj/kg
nTfl/kj;
mg/kg
ing/kg
mg.'kg
mg^kg

mg.'kg
mg/kg
rrrg^kg
my^kn
rr^)^krj
mfl^kn
mil'ku
rny^kjf

mg^kg
mg^9
mgrkg
mg^g
rngrkff
m g ^
mgfltg
rng'ks
rngykt]
mg/kn

MDn-CanctrHaxind Calculations

Intajce
Factor

Intake

Factor
1.B7E*Q1
1.S7Et0l
1.97E*01
1.B7£tO1
1.fl7E»01
1.G'/EH)1
1.97E-01
1.67E+D1

1.°7E+01
1.B7E+D1
1,97E-"Q1
1.97E+Q1
-T.97E+CH
r.°7E+l}1
i.97E+01
tS7E+D1
1,97E+[H
i-.8rEnj)i
1 .G7E+O1
1-97E+O1
1,97EH(11

|:97E*0T
1:B7E+at
11976*01
1-'97E+Ot
•i.97E+0t
1,97EK)1
1.976*01
1.97E*0l
1.&7Et01
1,B7E+01
I .OTEPOI

1,e7E+01

Oilier

DA eviint

factor
1 0OF.-O6
1.0BE-0&
1 .Q0E-0B
1.ME-0B
1-.[H)h-tm

i-WE-00

1.B0F-M
I.OOEf'M

1.BQE-BC
1.00E-B6
•1.00E-D6
1/J0E-B6
•1.00E-06
1.006-06
1,00E-nfi
1.00Ei-tJ6

1,W?E-0(i
tDOK'Or)
I.OuE-OS
t.OOE-OS

l.OOC-OQ

t.OCKE-OB

t.OOLt-OB

t.o&E-oe
•f.OOE-06
1.0BE-Q6
1,0BE-D6
f.ooe-06
1 .OOE-W

1.00E-Q6
I .ME-flG
i LH)F -Dd

ABSd

' —. >^hi r

3.00E-BZ

1.00E-03
NA

I , . . . . .

1 • •

l l n — . . ^ ^

, . u -111..

4.U0E-03
U. • • • • • • - • •

1.30E-CH

1.30E-D1
i.uOE-in
1.30E-B1
1.30E-&1
i.srjE-Oi

1.30E-01
1.30E-01
1 .OOE-Ot
1.4DE-<]1
1.40E-01
3.OBE-Q2

it.liOs-0?

IntaMfl

Value UnJta

Intake

LVALUE!
A'ALUEI

9.3flE-05
WALUl i !

U.IJ7E-U7
LVALUE!
tf^Al.UEt
WVAl.tJtl
tfVALUEl
JfVALUEll
LVALUE!
ifVALUE!
#VALIJE!
(fVALUE!
r^VALUEl
(^VALUEl
#VALUEI
WVALLFE1
ll.OLIFi+(K]

J*VALUE1
1.7SE-M
1.B7E-[WJ

if.ittt-oe
2.15E-BG
2.e^E-o$
6.73E-37

1.e4E-06
B.83E-0f>

O.OOE-KID

U.fJQE+OT

0.00E+™
2.25E07

mgJkg-da/
mgrkg-day
m(jflf<]-dny
rriSj/JiiuJfly
my/xy.duy
mHyiiO'dfiy
mffysin-driy
mfffty-rJuy
mg^g'tfay
mgyka-tfay
mg/kg-rfay
mg/kg-day
mg/kg.fjay
mg^kg-day

nigJkni.rJay
tng^kg-day
mg^kfl-rlay
rng/kg-dny
mg^mj-d&/
ms'ko-d&y
mjjyyg.dQy
nin^Vfl'dny
rrigMg-dEiy
mgilfg-dHy
mjtog-day
mg/kg-dpy
nigyky-day
mn/kg.rfay
Hlg/kg-day
Jugftsf-day
'ng/krj-dfly
"Xjr1((f'll(iy
••ny/Kg-iJny

Tangfer ofgan across all sxpusune pathways:
Target o^gan acroas atl expcsure oslhways:
Target t)^an across at) axpoaure pati^vays;
Target angan across ell expoSLirs paiH'nvays:
Tfugut ergari atroea alt expoaufa pptaeys:
Tanget crigtwi across alt (Mposu^a painwaya;
TflfflOl Cfflflr tl«Ofta all ftypcELirft pnlliwuyn:
Tflrflnt orfln.n nw>ftt< fill ouponuru ixithwjiyu:
Tnr(jol or^ctn L i w m oil dxpouurv pathwpyB:

RfDrTtfC

Value Unite

RfDj'RFC

1.00EJ-00
6.00E-D5
1.00E-B4
1.4OE-Bi
2.S&E-05
2.6BEflti

3.00106
3.70E.02
3.Mf.01

NA
g.BOE-0*
5.50E-0J
2.10E-D5
5.00E-0J
e.60E-05
2.fiOE-£>5
3.00E-01
t-OOEi-WJ
5.00E-M
S.OOE-D^

NA
NA
MA
NlA
NA
NA
MA

2.O0E-02
5.ME-02
2.00E-OS
J.C0E-D&

mg'k^-day
mg^g-day
mtfTito-day

nir^Kg-tioy

m&fcg-d(iy

Jiti r.'̂ ia- •.Hrty

jng/ ta-dsy

<nnrt<fj.dsiy
"ljg.'ky-day
WA
mgJkg-day
rng^kg-day
mg.'kg-day
rr>g^ka-rJay
rrtg^kg-tfay
mn^ku-day
mg'kg-dfly
i riyi/k\j-day
mjn'kfl-dAy
mfr/iiii-tjay
NA
NA
NA
NA
N/V
MA
WA.
mg/kg-rjay
rua^kg-rfay
mgrT<pj-cLay
rmi'kif-djiy
rnyj'kig-duy
rns^ki]"d#y

Curtral norvout system =
aia.id =
Skin =
CBidn-jvoKciiiiir »y94em =

Kldno/ =
HrllftJhU^feKd E^Lotn =

ImmUno ayatam r

IWor*

Whalt LMdyVgrawlh •

Haurd
Quotient

Hazard

Quotient

S.11E-01

4.rJ2\i-Q4
Q.BOEK10
O.OOE+OD
(>.TOH)0

(J.ODE+IH)

J.6OE-01

fl.UfJHHtiO

1.25E-01
7.irjE-D2
1.57E *00
o.ooE^fja
1 ,WL-i)1
3.1BF.01
7,61L-r/l
&.EftSF-[M

i.Wh-tn



TABLE C-13 Grove Pond
Recreational Child
Surface Water

Exposure
Route

Ingestion

Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117
0.301

0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Cancer Risk Calculations
Intake
Factor

2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04

2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04
2.05E-04

Other Intake

Value

0.00E+00
0.00E+00
1.57E-05
1.43E-03

0.00E+00

1.51E-05
0.00E+00
1.42E-02
2.39E-06
6.17E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.47E-03

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
7.16E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00

Units

CSF/Unit Risk

Value

NC
NC

1.50E+00
NC
NC
NC
NC
NC
NC
NA
NC

NC
NC
NC
NC
NC
NC
NA
6.30E+00
7.50E-03
7.30E-01
7.30E+00
7.30E-01
7.30E-02
7.30E-03
7.30E+00
7.30E-01

NC
1.40E-02

0.00E+00
0.00E+00
2.40E-01
3.40E-01

Units

NC
NC
(mg/kg-day)-1
NC
NC
NC
NC
NC
NC
NA
NC

NC
NC
NC
NC
NC
NC
NA
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
NC
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1

Cancer
Risk

2.35E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.05E-047
0.00E+00
0.00E+00
0.00E+00
0.00E+00

2.36E-05
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TABLE C-13 Grove Pond
Recreational Child
Surface Water

Exposure
Route

Dermal

Grand Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117
0.301

0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Cancer Risk Calculations
Intake
Factor

Intake
Factor

1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00

1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00
1.68E+00

DA event

0.00E+00
0.00E+00
3.07E-07
2.80E-05
0.00E+00
0.00E+00
5.92E-07
0.00E+00
2.77E-04
4.68E-08
1.20E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.73E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.97E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00

Other Intake

Value Units

Intake

0.00E+00
0.00E+00
5.15E-07
4.69E-05
0.00E+00
0.00E+00
9.94E-07
0.00E+00
4.65E-04
4.68E-08
2.02E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
2.90E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.31 E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00

CSF/Unit Risk

Value Units

CSF/Unit Risk

NC
NC

1.50E+00
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA
6.30E+00
7.50E-03
7.30E-01
7.30E+00
7.30E-01
7.30E-02
7.30E-03
7.30E+00
7.30E-01

NC
1.40E-02

0.00E+00
2.00E+00
2.40E-01
3.40E-01

NC
NC
(mg/kg-day)-1
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
NC
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1
(mg/kg-day)-1

Cancer
Risk

Cancer
Risk

7.73E-07

0.00E+00

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00

4.64E-07
0.00E+00
0.00E+00
0.00E+00
0.00E+00

1.24E-06
2.49E-05
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TABLE C-13 Grove Pond
Recreational Child
Surface Water

Exposure
Route

Ingestion

Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB 1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117
0.301

0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Non-Cancer Hazard Calculations
Intake
Factor

2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03
2.39E-03

Other Intake

Value

0.00E+00
0.00E+00
1.83E-04
1.67E-02

0.00E+00
0.00E+00
1.77E-04

0.00E+00
1.65E-01
2.79E-05
7.19E-04

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.72E-02

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
8.36E-05
0.00E+00
0.00E+00
0.00E+00
0.00E+00

Units

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

RfD/RfC

Value

1.00E+00
4.00E-04
3.00E-04
2.00E-01
1.00E-03
5.00E-04
3.00E-03
3.70E-02
3.00E-01

NA
2.40E-02
1.40E-01
3.00E-04
5.00E-03
6.60E-05
1.00E-03
3.00E-01
1.00E-02
5.00E-04
6.00E-02

NA
NA
NA
NA
NA
NA
NA

2.00E-02
2.00E-02
2.00E-05
2.00E-05
2.00E-03
2.00E-03

Units

mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
NA
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
NA
NA
NA
NA
NA
NA
NA
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day
mg/kg/day

Hazard
Quotient

0.00E+00
0.00E+00
6.10E-01
8.34E-02
0.00E+00
0.00E+00
5.89E-02
0.00E+00
5.51 E-01

3.00E-02
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
5.72E-02
0.00E+00
0.00E+00
0.00E+00

0.00E+00
4.18E-03
0.00E+00
0.00E+00
0.00E+00
0.00E+00
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TABLE C-13 Grove Pond
Recreational Child
Surface Water

Exposure
Route

Dermal

Grand Total

List of Chemicals of Potential
Concern

Aluminum
Antimony
Arsenic
Barium
Cadmium (in solid media)
Cadmium (in water)
Chromium, total
Copper
Iron
Lead
Manganese (in sediment or water)
Manganese (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chloroform
Hexachlorocyclohexane, alpha-
Methylene chloride
Benz(a)anthracene
Benzo(a)pyrene
Benzo(b)fluoranthene
Benzo(k)fluoranthene
Chrysene
Dibenz(ah)anthracene
Indeno(1,2,3-cd)pyrene
Naphthalene
Bis(2-ethylhexyl) phthalate
PCB 1254
PCBs, total
DDD, p,p'-
DDE, p,p'-

EPC

Value

0
0

0.0767
6.99

0

0.074
0

69.2
0.0117
0.301

0
0
0
0
0

7.19
0
0
0
0
0
0
0
0
0
0
0

0.035
0
0
0
0

Units

mg/L
mg/L
mg/L
mg/L
mg/L

mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L
mg/L

Non-Cancer Hazard Calculations
Intake
Factor

Intake
Factor

1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01
1.96E+01

Other

DA event

0.00E+00
0.00E+00
3.07E-07
2.80E-05
0.00E+00
0.00E+00
5.92E-07
0.00E+00
2.77E-04
4.68E-08
1.20E-06

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.73E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
1.97E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00

Intake

Value Units

Intake

0.00E+00
0.00E+00
6.01 E-06
5.48E-04
0.00E+00
0.00E+00
1.16E-05

0.00E+00
5.42E-03
9.17E-07
2.28E-05

0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.38E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
0.00E+00
3.87E-04
0.00E+00
0.00E+00
0.00E+00
0.00E+00

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kgday
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

RfD/RfC

Value Units

RfD/RfC

10.00E+00
6.00E-05
3.00E-04
1.40E-02
2.50E-05
2.50E-05
3.90E-05
3.70E-02
3.00E-01

NA
9.60E-04
5.60E-03
2.10E-05
5.00E-03
6.60E-05
2.60E-05
3.00E-01
1.00E-02
5.00E-04
6.00E-02

NA
NA
NA
NA
NA
NA
NA

2.00E-02
2.00E-02
2.00E-05
2.00E-05
2.00E-03
2.00E-03

mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
NA
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
NA
NA
NA
NA
NA
NA
NA
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-day

Hazard
Quotient

Hazard
Quotient

2.00E-02
3.91 E-02
0.00E+00

2.97E-01

1.81 E-02

2.38E-02

1.73E-053

0.00E+00
1.93E-02

0.00E+00
0.00E+00
0.00E+00
0.00E+00

4.24E-01
1.85E+00

Target organ across all exposure
Target organ across all exposure
Target organ across all exposure
Target organ across all exposure
Target organ across all exposure
Target organ across all exposure
Target organ across all exposure
Target organ across all exposure
Target organ across all exposure

pathways:
pathways:
pathways:
pathways:
pathways:
pathways:
pathways:
pathways:
pathways:

Central nervous system
Blood =
Skin =
Cardiovascular system =

Kidney =
Gatrointestinal System =

Immune system =
Liver =
Whole body/growth =

5.38E-02
5.83E-02
6.30E-01
1.23E-01

0.00E+00
9.25E-01
0.00E+00
2.35E-02
0.00E+00
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TABLE C-14<3rt™B Pond
Ni!.Ti...ihui:il Child
FI Fill

Ex|)or>mu
Route

Ingsstion

i"c!9l
Gpii"d rOLLII

LI si of ChairHesIs ol Petuhilal
Concern

<\ u- -ii

Antimony
Arsenic
Barium
CwJrmum (in solid meiJm)
Cadmium (In vmiwt)
Chrmiilurn, 10Ml
Cuppar
rp-n

Lead
Msngnnnso (in EadlmunL or watur)

Mangofiase (In food)
Mercury1

Selenium
Thallium
Vanadium
Zinc
Chloroform
HisxuchlnrucyctuhuKana. alpha-
Moiiiylono chloride
L(iri«(ft)fin!hfflC*nu
Baozn(uHiyrornj

tiGHij:Li<ij^liucjraLfi!lione-
BKniD^JiLurdrL'ifn*:'
Cliryssne
OJbenzfjahiJaTiihJHtone
lrideno(l,2.3-cd}jjyrerw
Naphthalene
ttis(2-eLiiylri&.Ky<) pnthalate
FCB1254
PCOs, total

OOP, r,r>'-
DDE, |J,p'-

CPC

Valuo

0

(j
0
[}

0.0735

r>
u

o.ai5
i>

0
D.4E?T

0
0

0,07t5

on
u
u
0
{i

u

u

::

0

q
0

0.0203
0.WM

Unlls

mgjkrj
r>Vĵ kg

m;ii'hi|

• i-l-i

n«l'h(l
rrui.'hij
rng.'kg
rrvj.'ka

nYjJkn,
mg^kg
mg/kti
rrty.'kg

rrKj'kg
ITKJi'kg

rnfiJMfl

my^krj
mofkn
rngi'k[|

n:g,'ky
mg^kj

ragiisg
rnu^kj
mgft;a
nig^kg

mg'kEr
mo^ky
iTisi'kn

Kon-Cancor Hazond CalculDliona

lutJk.i
Factsr

e,37E-04
C.37E-0J
6.SrE-O4
e.37E-D^l
6.37E-M
6.3/E-LM
e.37E'M
fl iie-04
fl.yrE-04
6.J7E-t>^

6.37E-04

e.37E-W
6.37E-O-1

C.37E-O.I

ei7E-<M
6.37E-O4
fi.37E-M

0.37E-W
6.37E-M
(5.37E-O1
e.3/E-rj4
6.37E-O4
e.37EJM
6.37E-D4
S.37E-W
6.37E-04
6.37E-04
6.37E-O4
e.aVE-tw
C.37E-O4
• i l . - | Ihl

Dthnr Intake

V J I U B

o.ooE+or:
0.00E HSO
O.OOE+OC
O.OOEfOO1

4.WE-06
O.OOE+00
177E-04

O.OHK+OU
0.00E+00
s.ieiz-o^

O.QOE+0(|

O.OOE+00
3.H5E-O4

o.ooE+oa
O.tKJE+tJO
-t.55E-05
o.onE^D
O.OrjE+OU
0,006+00
o.uoEioa
O.QOE+OO
[j.fiD^Kjih
o.orjEtoa
OiME+pb
O.OOE+OO

0.00E+00
O.OOE+OO

0.0DE+0O
O.0OE+0O
0.O0E+00
5.-17E-O5
1 ?HIT-OS
ZVCE-OG

Units

mg^kg-(lay
rng^kij-ffay
mg^ks-rtay
mfl^ka-ttay

rftrj^o-tfay
mri'kt (fny

'ihu^kyduv
mrj/ka-dHy
mg^kg-day
mg^ka-day
rug/kg-tfay
nvg.1<5-f!ay
mg/kg-cray
fug^kg-day
mg^kgKlBy
rng^ktj-day
rpig^krj-clHy
rrm^kfl'd^y
nn|),'kO'(luy
mn^kn-(l:iy
(||1(l'kfj-(lny
riiu^kjcf-d uy
mg'kg-day
mg^ks-day
tig^kS'dfly
riftB^kgKJay
rng/k3i3ay
rngfkgi-cfay
my^kj'day
mg^kg-day
rrm^ki|i-day
rrty^kff-rlny

RIDffifC

Value

1.00E+00
4,O0E-W

2.0DE-01
• • ' .

E,OD£-Ofl
3.ODJ--O:J

3.7OH-04
a.oK-01

MA
Z.4OE-0il
1.40E-D1
3.or>E-(M
5.0DE-03
6.60C-05
1 .ODE-D3
3.00H-01
1 .OOE-02
5.00£JM
fl.otni-oa

MA
NA
MA

MA
MA

i.OOE-OJ
2.0DE-O2

i.OQE-on

^,O0E.03

Units

mg'kg/day
ttl^k^day
mfl^kg/day
mg^kcr/iJliy

mfl'Kfi/eJn.y
MU'kirAJuy

rnfl^krj/dLiy
N A

mg/kyiyiiy
ragi'kgJday
mg/kg.'Oay
m^kg/day
rug/kgVdEiy
mn^kaytia^

mn^kgvdny
mg/kj/duy
mfl^kn/dny
NA
NA
NA
NA
NA
NA
NA

mgfkg/day
mgykg/day
ma^kg/day

rniArjftdiy
my/kg/JEiy

Haxarti
Quotient

t>.O0EH'O0
D.ODE+M
u.OD^+r>u

0.00 E+W
4-6SE-0S
0,M6+M
0,901 Qj

i !•: M i •

O.ODG+M

O.DDE+m

anoE+oo
1.05E+M
0.00 E+OO
D.OQE+KJ
4.55E-0^
O.rjDE+m
O.O0E+0<l
D.OOt'OO
o.oo I:HKI

O.ODE+DO
o.ooe+oo
o.ooEH-oa
!2.74J:+00
E.4BE-DJJ
1.35E-K

3.WE+00
3.0e£"OO

Target organ aorgss all exposure pathways:
Target organ ao^oss all sxpOKUfe pathways: Glood
Target urgan acfaaa all exposure pathways', Sklft =
Target organ a«oss all exposure pathways:
Target argafi a(70SS all exposure pathways:
TflMjtJL oryu n across all exposure pathways:
Torgnt ongufl 0(yos9 oil O^UMUfD pBlhWHyiai
TafS^tOnganafrOHS all r*xnn»|jrfl palriwpyp: Un™

Orifl fltrdes

0.0011+DO

O.UOE+DO

? of a
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TABLE C-15 G r t v a Pond
:."! • . 1 .1 Arlutt

Exposure
Route

Ingestion

rr>tal
Grand ^uia i

List <tt CHomlcQlfl of PuleriUal
Con corn

Aiumlnum
Antimony
flrsettlc
Barium
Cfldmlurn (In soHd media)
Cndmkmi (In walur)
CJironilum, inim
"uppor
Iron
LdfHl

MMnganfl&a (in eedlfnent dr,yM*)i)
Manganese (in Ib&d)
Mertury
Selenium
Thallium.
Vanadium';:
tLma

Chloroform
i f tuet t i io rc i^oHBiafW, ftijarta-
MfllhylunA ohJwtlh
^nn^iHjLuUh'iicuriti

Bunraiujpyrerm
BflnK(b)flLioM"Lhl>na
E^niufhjriuonanlheriB
Chjrys&ie
Di!Janz(ah)iantfiracan9
lno"Bno(1 , i ,3-«f)pyft3ne
NapMtialens
Bfc{2~etliythnxyJ) [tfithalajta
PCB 1254-"
PCBs, l o t *
ODD. fj.Q1-

EPC

VdlJB

0

0
0

0.0736

n,27s
0

u
0

D.497
0
0

0.0715
0

0
u
a
0
a
n
0
0
0

0

0

o.tw
0^2Q3
0.04K4

unit^

mg/kg
mg/kfl
mtyky
mg/^j

rpig^kg

mg/kg
myVk-g
mg.'Jfg
mgAig
mg/Kg
mg/kg
jng/Kg

rrrtj'kH
mg/ku
m^kn
mgrtffj
mr/^u
mg/Kg
mgftg
mg.'kj
rng,'kg
mg/kg
msfl<fl

m^kg
mn/fefl
niLr/ky

rJon-CancorHiHrti CiluilnUons
Iniohe
Factor

2>i3E-0a
2.^3E-03
2.43£-l>3
2.43E-&?
2.43C-03
J.43E(13

2.43E-03
2.43E-ift
2.4HE-O3
2.43E-03
2.43E-W
2.43E-D3
2.43E-03
2.43E-03
2.4K-03
2.43E-03
2.<s3E.-Q3
2,<I3EO3
Z.43E'O3
2.43E-D9

^.43E^3
2.43M?
2.43E^3
2.43E-03
2.43E-O3
2.153E-O3

5^se-03
2.43E-03
i.43E-03

2.4JE-03
2.43E-03
;j.43E.o:

IntsLa
InTaHfl

Value

0.K]E>0G
O.0OE+Q0

o.ooE+on
O.OOE+00
(.7BE-W

O.OOEH-00

0.DOE'00
O.OOE'OD
1.9BE-03

O.OOt+OD

O.OOE+CfO

1.21E-03

O.QOE+OO
O-OOE+OO
1.73^-0^

0 Oft+OD
O.OOE+OD
O.OOC+Ki
0.00E-I-(K)

D.tKJh>DO
OOOIi'OO
O.DOE'OO
O.OOE>OO
o.ooE+rjo
0.00E+OD
o.oDE+on
&.00E+UO
D.ME+00
O.OOE*OO
z.og^-oii

4.92ft-(J!i
1 .t)3l:..O4

Units

mgJkg-day
rng/Kg-Jiiy
mgJkg-day
rnaj'kg-day
mjVkfitJ.iy
nifJ'^l-tJliy
jug.'fcu.'dfty
mrj^o-dny
prtg/hj-day
'n^kg-tfuy
mg^kg-day
ma/K^-day
mg/taj-^ay
niC;^a-day
mg/t([j-[J3y
mg/kg-day
mg.'ktj-tffly
rruj^kg-day
mgykg-riay
rng'Ka-Uny
MHji'iiy'iJQy

mgJkg-day
mn/kfj-day
Jiig^kB-tlfly

mgVkg-day
mg/kg-day
ring/kg-day
mg/Jig-day
mgAsj-tiay
mg/kg-rtoy
mtirkg-day
mgfkH'day
mn/kfj-drty

Valua

1.CHE*00
4.00E^M
3.D0E-OJ
a.ODE-01
1.DUE-03
G.0OE-&1
3.00E-to
370E-D2
3.00E-01

NA
2,40E-02
1.40E-D1
3-OOE-04
5.00E-03
S.60E-OS
1 .OPE-03
3..0DF-01
1.00E-02
5-CWE-W
GLO0E-O£

NA
NA
NA
MA
WA
NA
NA

2.00E-02
2.0UE-02
2.Q0E-U5
2.ME-05
a.ooE--tu
Z.OOE-U3

UnTts

fiio)kO/day
mg/kgrday
rng^kg/day

rng^kj/dary
ma/krjftjay
rnJVJiflMny'.
iTiy^dfly:

iniEi/ksAlay-
NA
mgj'kj'day
m '̂kJj/day
msj'kgftiay
mg*:g;day
mg/kg/riay
"Iff/kcydav
rnQ/kEfTday
rngfl(3/day
m^'kg/rfny

m^^rJny
NA
NA
NA
NA
NA
NA
NA
flig^gMay

mg/kg/day
rftg/kg/(jay
mj]Jkg/duy
my/hLj/dny
llUl'^i'dfly

htazdn)
QuoEi»nt

O.OOE+00
O.OOEi-00

O.ODE+00

T.79E-01
0.00E<00

O.OOE+UO,
O.O5E+0C

O.MEtlXJ
O.uOE+flO
4.D2E+00
rj.OOE+00
O.OOE+00
1.73E-01
thME+flf l
fl.fJflt+IJO

O.flOE'OO
o.uoE-'Or?

0.ODE-KW

OOOd+DO

O.ME+00
1.04E*01
2.1flE-0^
h I4ii-o;i

1.51E1D1
1,fi1t+U1

Tafget organ across all exposure pathways; Capitral narvotis Ey l̂Bm
Target organ across aSI sxposurc paLJiways: e!*jd =
Target organ acnoss arl oxposura pathwa/s: Skin ̂
Target organ across all exposure pajfrways; CardlovBa?Ulai sjslom =
rarest organ anrn>s3 alli»poauT?fn}ihnvay!t:.KIdney =
Tanggf organ atros^ (ill sxposuf* palhways: GalroirHeiillim! 5/stam P
TnrgAI ivri.w (iuu'J3 ull BHposiir* patliwnys• Immuno s/*l*m •
Tiifuol orjjan acnasji all oKfiwuro pgtlwuys: Ln™r •
Tcirool (inQfln acrcnti nil tixpriEwin pathways:

O.ODE+03J

0 OOL-ap
1 ?;i!:' ;n

Tf lOE-0?
I.T3F-I11

lOTZ
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TABLE C-tG Grovo P6ii4
SutM
Fliti

Exposure.

Route

Ingnstlon

Totul

Grind Totul

List or Chemicals of Potential
Concern

Aluminum
AnSirtvony
Arsenic
Ejnrium
Ciiilir.nuii (In wild rtwdw)
CoJililU'H (IriwcitqrJ
Chromium, kn«l

Iron
Lead
Manganeea {In sofUmen!« water)
M^nganaGB (In food)

Wtroury
".',-.•• i ' . - 1

iliailium
Vanadium
2>nc
Chloroform
HoxnohloronyUlohflXftna, . i ; , ; ,
Mtflliyirjnii thtarido
Ryn/(ii}«iil*irbr,:uii(i
raonin(a)[>vranfl
Ltan2t)(b)flu(jrj!n N lona
BeiMojkjIkiorPfKhana
Chfysana
Dlberh7(ah}ai;l?iracene
lndena{1,2,3-Cri)pyrHiia
NafifrlHafene

r • : • • • • • ! • . 1 . • • : • : • . ! : ; • ! • i ! •

PCB-T2W
PC03. total
DDO, p.f)'-
DDF, p.fl1*

EPC

VJIILJB

<:

a
rj

0

D-?7S
0
p

O.rilS
0

0

0
0

0.0715
0

a
0

0
0

a
D

0
a
a
0

0
rj

D.DB5
0.0103
(l.tMi-i

Units

•iy.:-;y

mg/kg

mfl/kn

• |.!-...

mg/kg

riHji'kg

iisg/kg
mgriig
mg^kg

mgfl([)

•iHj.'ky

MQfKtJ

mg/kg

mg/kg

mg/kg
•'•SI.I4:

mg/kg

"Kjr'krj

Eiiy/kSP

Non-Cancor Hiuwrd Cskiilritlori*
Intaks

FaclOr

0.40E-D4

3.48E-04

8JSE-04
G.4BE-04

fi.-t(JF-01

S.4Br=-<]4

B.4EE-D4
0.4DE-04
MSE-U4
B.4BE-04
S.4BE-D4
B.4SE-U4

9.4SE-04
B.4SE-D4
&.40E-04
6.4EE-D4
B.4SE-04

B.4BE-04
fl.16E-ni
(1.4Ht'U4
B.4BE-04
S.-ISE-tM
U.4BE-D4

6.4BE-114
U.4UE-D4

S.4SE-04

B.4BE-04
3.4SE-D4

B.4BE-04
S.43E-04

B.4BE-D4

B.4SE-04
Q.'IRE-DI

Oih«r Intaho

Value

O.UDE+DD
O.ME+M
O.OOEH-00
0.ME+IW
rj.H4t-rjS

O.ME-ltKl

2.3UE-CM

fl.DOE+Ofl
11 lUlKH-m)

6.91E-M
O.MEHM
0.D0E+DO

4.2tE-C>4
O.OOE+rjO

O.ME+tXi

6.0SE-O5
U,00)-i 00
Q.IHE-KI0

o.ooe+oo
o.tMii^o
o.ooetoo
0.00f!i00
(i.onE*o»
0.f)OL+Orj
G.OQE+00

o.ooe+00
O.DOE+flO

0.00E*00
0.00E+00
o.coE+oo

1.72C-35
a.fjflu-ciii

Units

mg/kg-day
mg/kg-day
my/kg-day
mg/kg-day
mft/ku-day
nio^ktuiny
m^kfl-dfly
mfj/kfj-dqy
nlU/kU-tliJy
mgj'kg-day
mg/kg-tlay
mg^kg-day
m&'ky-day
mtj/kg-rJa/
mg/Jtg-day
mg/kg-^ay
rno/kg-rjay
mg/kg-dny

my/ky-daj'
mp/kiH-tluy
msj/kjij-dfi/
mgrjojuiny
mg/ka-da/
nn5''kg-day
mg/J^-day
rfig/Jog-day

mc/i<a-ciay
mg/Jog-diny

nigflig-doiy

mcVKsi'CinY

RfD^RfC

VahH

1.COE*0D

4.00E-04
3.0DE-M
7.00E-0t
1.00E-O3

Iqoe-w
3.00E-03

3.0DE-01
NA

?.4UE-0i
1.40E-01
3.00E-CHJ

S.ODE'03

5.6DE-O5

1.0C1E-03

3.0DE-01
1,0M;-0K
S.0DE-D4

B.OOt-03
NA
NA
NA
NA
NA
MA

NA
Z.OOE-02

^.tWE-02
2.ME-05
2.QOE--O5
2.CBE-D3

UlliLK

mrj'^rjftfay;
fng/kg/ttay
TTig/Jog/day

rrtfl/kflryay
nijjfiig'dtiy

frtnfcflfnuy
mr^di'iij.!1,1

11 ly^Kg/iJ Liy

WA
mfj.'hfji'rliiy

nigfltg/day
rngJkg'day

n^f.'k^day
mg/kg^day
mg/kjayday
mglkgliiay
i-1-.Q.'ky/iJdy

rnrj/ky/dny

mg'ko/dny
NA
N A

NA
NA
NA
NA

NA
mg/kg/dsy
mjj/k^/dav
mg/kg/daiy
rnaykg/ciay
mg/k[j/day
my'ktr/(J&y

ll;i,',nii

Quotient

O.DDE+DO

r},ODE+DO
C.OOEtaO
D.rjDE+DO

D.nDEH-00

/ HriF- \M

D.WJE(UO

D.ffl)EHflO

0.O0E+O0
D.03E+00
I^IOE+OO
0.ME+O0
O.OOE+00
6.06E-G2

0.(KiE*00
0.K)E+0[)
O.OOEiOO

iniii i •:<

O.OOEi-00
D.OOE+M

rJ.OOE'Uy
3.@flEHQ{l

• - iv: 15 11:1

1 HOP I I , 1

Cr..'M| i f i f j

a.iiaLiao

Target orgai across nil exposure pauiways: Gerfral nervous system
Tufyfit organ aiaffisS all exposure pathways: Blood =
Target organ across all exposure oalfiwayt: Skta =
Ta rrjat orgafi aoraas all espozure pBihu'ays; CirtHOvatmlar i^ttBjn -•
Tflfget orgai across all (txposu^a paiKwdyt; Kidney r
Tafgel drgafi across ^il| uxposijffl pnlhways: Gfllrtilntasilnal Byeii

pnlhwuya:
Whala Iwdyvrjrnwlh

O.rlOE+oo

/ M i l - Vs

: : r , \ <;,<••

1 . ; n 11 ( ) • •
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TABLE C-1 7 Pkw $hop Pond

i'.A|l-:i',UN-
Route

Dermal

:'• i In' i i

List of< :h •••• at Potential

Conewin

Aluminum
Antimony

Hulluni
Cqijinkfjn {In solid modla)
Cminilum (In water)
Chromium, lotil
Coppar
Inorl
Load
Manganese (in sedlmortl or waLer)
Wanganess (in food)
Mercury
Selenium
Thallium
Vanart IJITI

?,\(w.

CMumrdmi
••knnnjiiloroopfclniitonDi olphit-
MulKylunn thlorldu
Buri^altiiltlirurnWra
I3(trno^nj|jynsna
Lkii:-ra(hri..nr,in1r<;r.r>
BanzafkJUuoranthene
Chtysene
Dlbenz(Sirljan1hrEicone
IndSiia^i ,2,3-cd)py rena
NaptilfiBrene
Bisi?-aihyihe*v)) phihalatt*
RGB 12W
PC13S, total

DOD, p.p1-

•OE, f,p'-

EPC

Value

17.1

030
0

15.3

12200

2ZD
3020

0
34. T

0
MA
36.e

ft
0
0
0

4.2fl

o.se

a
u
0
0
0
a

Unlls

ntg^kg
rfig/kti
mfl'kn
ma*fl

nruifty
kij

mg/kg

mg,1<g

mg.'kg

mg.'kg

ifig.'kg

mgrTtg

mg/kfl

mg/tyj
moTJoy

nujv'ng

mg/krj

mflftn

osfl/kg.
mtg^kfl
mgrtaj
mgi'Ky
rngjtOg

mglXg
mg*g
MM-k. ,

m&Vfcg
inij.'ku
ni[|/ku

CnnctrRlsk Calculntiani
Inloli."
Faelor

IfltaJta
Factor

^t,93E+0(J

4 93|:*-(«l
'i.natKM

4.93l£iP0
4,9iJE+aC
>1.93E'0O

-9.93E+0D
4.93E+0D
4.33Et0t
4,e3E^0D

4'L936+O0

4.93C i OD
4.S3E HX)
fl.93Eim
4,93£<u0
4-,B3.E+O0

<,£)3E+0(t
4.S3£*00
4.93E*0Q
4.S3E+0D
4.D3E1-00
4.B3E KM
4.93E+UO

4.^3E+DO

4.O3E+00

4^Jfi+00

J.93E-00

DA event
factor

-.OOE-Cifi
1.O0E'D8
1.0DE-M
1 C-HMi'i
1-ooE-oe

1.00E-OG

LOOE-OO
1.DOE-OU

i.ooE-oa
1.C0E-Q6

T.OrJE-06

I.OOL-CS

1.ODE-DG

1 .ODE-DG

1.K)E-Dfi

1 OOE llf i
I i :? l . n .

1.U0I: «ri
I l i r : l > I I

IOOE-DS
1.0Dt-0H

1 ,OD£-OG

1.0QE-06

1,O0E-06

1.0OE-TJ6

1.D0E-06

1.D0E-06

i.noE-oe
1.00E-09
I.OtH-̂ JS
t.OOE-OD

othor

AESd

-
0.03

0.001

NA
,

• T L

. . . . . . . • ^

^ . ,

£j p

y;;i; •; :; :,:. ',
^ ^ L .

. . . r - . . ,

_ . _ , , .

- , - . . , _ _

|

It.tM
jji-iV..i;--JL
0.13
0.13
C.13
0.13
0.13
0.13
0.13
0.13-

bii
0.14
0.14
0.D3
0.03

fnlalfa

Value Units

Intake

#VA1,UEI

IIVM i 1 •

1.30G-O-1

ItVAl U El
7.SBE-fta

tfwuuEr
1IVALUEI
ttVALUEl
r^VALUEl
#VALUEI
WALUEI
flVALUEl
« VALUE!
fl VALUE"
LVALUE'
WALUEf
WALUCI
0.001'00
WVAIUCI
2.34li-00
i.0(jri-OD

2.5QE-DG

9.24E-07

2.74E-W

6.1CE-07

2.35E-D6

G.OOE-mQ

o.ooE<no
O.OOE+00

t>.OUF.*OO

fJ.rjOF.fOO

HO. .i!(J

C3FJUnit Risk

Value Units

CSF,Uni[ Risk

we
NC

1,50E+O0
MC
NC
NC
MC
MC
MC
NA
MC
NC
NC
NC
NC
NC

MA
'• ! : l r " H i

7.C0h:-O3
MrJJ--01

7.30E KM
7.30E-Dt
7.3OE-0J
7.30E-03

7.3rjE+0Q
f.30E-01

MC
I.IOE-O^

2.ME^O0
Z.OOE i GO
SylOC-ut
3,iOE-fll

NC
NC
(rnofl(j-dfl/)-1
NC
HC
NO
NC
NC
NC
NA
NC

we
NC

we
MC
NC
NC
NA
(rnrfftg-oiHyJ.1

(iTifl/K9-da)H)-i
{mg/kg-r1;iy)-i
(rnj/kjj-davj-i
(JHfl^-day)-i
(rl(Vkg-day)-l
fnigykg-dgyj-i
(mgfl^-tfay^i
NC
(mg/lKB-rfay)-1
fmrj.rkg-dayj.i
(mg/kg-dny).1
^nfj.'hn day).!
(jnn%j.(i(iy)-i

Cancar
Rick

Cdncsr
Risk

2.ufiE-04

2.19E.03
1.«3fc-0S
e.^ii-oa
2.0DE-0B
-i.Jiat-oe
1.71E-06

Ct.ODE+OO

U.OI1E-00

U.OOE-00
O.rXE-iOO

2.30E-D1

3.85E-04

cmiller
Text Box
1.43E+00



TABLE C-17 Plow Shop Pond
dult

exposure
R«uto

Iflgosijon

Jjfli <jf Chemical* of Jfot*n!la|
Concern

Aluminum
Antimony
Arsenic
Barium
Cacfnnlit.il ( h solid rrmdhfl}.;
Cadmium (Im WfllCrf)
Cinomlum. (ptflt
Ooppor
Hrjai

Lend
Mflfisanwn {In MrUmaiv or wflerj
Mimg-arHso{JnfcQ<l).
Mercury'
Selenium
TtiaJlium
Vanadium
Ztne
Chloruforfii
1 lexadiionjcyaFcihsxanB, djpha-
WothyFdno chlftridr*
(Jflrh£{i)H^rhrflqchrlO
GflltJKifaJfjyimirt
Bnrh2D(!i)f|Liur#n1|ioriti
Bonan(k)|luurniilliene
Clu^Mrw)
Dlt>CI>2(ij>iJarl[rirajeane
hduno( 1,2.3-ed}pynejie
Naphthalene
Bis(2-ethy1h»xyn. pMhalate1

PCB13M
PC&s. Iffllal
DDD. p,p'-
ODE. p.p"-

EPC

VBIUB

9690
17.1
930

0
16.3

[220U

S97

22(J

0
34.7

0
13.4
35. G

0
0
0
0

3.05

rt.S7

3.S)
1.41

i.?A
O.y6
3.6G

0

0
0
0
0
0

UnlU

mg'ka
flfifl^kg

iftjlkq
mn'kti
m^kg

mnftjj
m[|/j((j
mnA(Lp

i^^kg
rtLfl/kg
rttg^kg
mg^k;]
msj/hg

mnAa
mg/ky
mg/kff
nip/k[f

rpfl/kg
mgrtcfl
mo/ta
ma/kg
ms^g
mgAg
mg/kg
mg/k9
mg^kg
rrg^kg
mg'kfl
mjj'kn

Mon-C«nc(trHazj|t(l Cnlcufnlldnt

lnlati«
Fiiator

2.S6E-«7
2.5^E-07
i.S&E-07
2.5GE-O7
J.SGr f f
J.iHil- l)f
Sf.Wit- i:-/

a .wit- w
2.B6fc-D7
2.56E-Q7
2.55E-07
2.5CE-O7
2.56 E-07
2.5BE-O7
2.5GE-07
2.6BE-07
2.WE.-Q7
2.SfJ£-07
2.seci-07

2.56E-O7
2.5BE:-CI7

2.SGE-07

2.6HE-D7

2.5t5E-0/

2.ME-0?
2.56E-07
2.SeE-07
2.56E-O7
2.5fiE^7
2.5fiE-07
?.SRJ=O7
!t,6DE-07

Olhir Intiik-a

Velue

2.47E-03
4.37E-06

O.MH*OG

3 . D 1 G - M
O.GOR <•(!>(]

3.12ED3

s.sat-05
T-.73E-04

O.MEbOQ

a.eeE-06
D.00E+K)
,̂ .43E-B6
9.11E-D6
D.OCE+QD
D.ODE^ft
D.OOE'OO
C.OOIi'OO
D,W£-0T
i.tOE-CKi

S.&fll^-OV

3L6JSE-D7

1.C9E-QG

2.46E-Q7

3.SSE-07

0-OOE*00
OLOOE+OD

0.00E+O3

D.OOEH-Cfl
O.O^HGO

G.nnE+utf

Units

me/Stg-tiay

hlg^kg-day
mg^kg-dsy
rrirj'kfl.d*y-
/«i)/ki]4Jay.

nn[rtuy-dyy
in;|/((H-iiHy
mg/kg-(f«/
mg/kjula^
mg'kg-day
ma'k^-dayi
rti^kg-day...
mgVkg-riajf-1

mff/*g-day
ma^-dtiy
nig.'ksj.-diy
mg.'kg-dai'
mg^kg-d^y
ir^'kflHJrjy
mfl/lfl-dny
mn/Jtn-Jay
nin^y-iJBy
mg/l<!i-dfly
rng/kg-day
ni^kg-day
jfigj'kg-day
rra'kg-day
mg^ 'day
nif>l«)-duy
rnattg-day
mg^ktr-rJny

Rfcmfc

Value

1.OOEJ-0O

ikOQE-iM

S.OOE-O'S

2.00E-01
-t.OOE-03

i3,ME-0S

..:^OQE-OI

MA'
^L40E-02

'K40E-01
;i3.CiDE-M
.ĵ OOE-QS

:&eoE-05
S,ooe-03
^.ooi- -ot
•1.0oE-oa
S.DOE-fJ^

G.0[>f.>02

MA
HA
N>̂
NA
NA
NA
MA

2'.0GE-02

2.0u6-t>2

2,tWE-D5

2.<WE-fl5

i ,0OE-Oi

a.0OE-(i^

Un«s

fTiy/kgfrfay
mgfltgfday
n i f^^da/
ni^g/day
hirj/kg/dny
n-fl/kfi/dny
rni]Jkflfiluy
nifj^H^([[iy
rriyfiiu/djjy
NA
m^g/day
mg/kg/day
mg/kg/day
mg.'ko/ciay
ft^/k-a/rfay
mgligfifay
mgftg'day
m(l^kg/dft/
nnj/kj/day
nip/kfl/dny
MA
NA
NA
NA
NA
NA
NA

mgftg/ciay
rftg/ks/day
mg/kigVd'ay
mgulgj'da^
mr\M{it<\iiy

nill/ktlWtiy

Hazard
Quotient

2.47E-Q3
1-Q9E-0?
7,831- -01

D.OOEttJa
3.O1E-0-3
11.001='-00

2O5E-O3
6.21 U-oa

J.22E-02,
O.ME+UC
2.96E-02

(O.OOE+00
.•.;e.i9E-02
:. S.I TE-fl3
&OOE<0N
•p.OOE-^n
•fl,OflE*rt:i

O.OOe+DO
O.OOE-K10

o.aoEHfld
O.00£i00
o.O0E*on
O.O0EHN]

a.06E-iufl



T A O l . E C . 1 7 Plow Stiop Pond
Racrnailoiml Arlult
Sodlmcnt

Exposure
fltnltn

Dermal

Grand Total

List or Chemlcjils of Pdlaftilal
Cdnum

AlUrriWLm
Andmany
Arnault
FtnriuFji
Oddrwum (In wtkJ madia}'
(JadmJumfln wilJir).
jiimmlufln, loifll
Capper
Iron
Load
l/angaries* {in sodlmentijf wal&r)
Manganese {in ftxirf)

Mercury
Selenium
Trialliufrt
Vanadlurti
Zinc
cJilftfarrirm
Mft(L;lGttlDI(5C.liClLirn>ltfln«r fllftftflV

rAilhylnrmnlilOrlrfa

liiarizfEiJanllirocnrvo
FsonwifoJpyrrjrHt

rJcrTZQ(pj)pluWBrulrTflfTfl
tJor^Hj^jipuorajithons
Chrysana
Dibenz(ah (anthracene
lrniflnn(1,2,3-cd )pyran&;

NapJifhalona
Lsis(2-oltiylhexyl} phttiaifito
PCB 1251
PCEhj. lofrJ

PUD, p,P'-
DDE, p.p'-

Va[u->

9B6D
17.1
S30

132.011
297

3S3GO

30ZO
0

3d. 7

a
13.4
35.6

0

a
°0

3.05
4.B7
3.9

1.44
4.23
ags
3.66

D
0
0

0

Unit*

mg.1^

fngixg
nifj^lg
lTl|>lV<|

lll|p/kr|

rnij.'kfj

m g ^
nng^j
nrin.i<n
illg.'kg
mg.ifg
mg/ko
nrif].'kr|

nigJKO

/ng^kn
nifj/kfj
mrj/kfj
JlbfJ.'kfl
i111 [ 1.' k-rj

•tirj.'kfj

riiyrTiy
png,'kg
mg/kg
mgrT«5

'ny^kij
my/kij

rr'O'KKJ

Han-CilnCQf Hnni rd CaldUlnllOns
Intake

Factor

Fntaka

FatLor

I,IBEH[H
1.15E^^]1

1 |1EE-I0l
1.1G6+01

.15E+01
1.1SE+0I
1,15E^Ct

1.iSE*O"t
i.-laE+di
1.15E»Qf
1.15E«)-f
1,t5E*01
1.15E*01
1.15EIO1
1.15E+01
1.1SE+01

1,1SE^O1
1.1SE+O1
1.KJE+01
1.1SE+01
1.16E-1.01
1.15E+01
1.15E+01
1.15E+01
1.1&E-'O1
1.1SE+01
M6E+01
1,1&E+01
1.1SE-HH

1.1BE.-1M

Othw

DA avert
factor

1.Q0E-OG

1.0D4=-06
VOOif-OB
i.0(l£-0B
I.ODE-Ofl
1.0BE-06

t.ooe-M
1.0flE-C6
t.OBE-DC

t.ODE-06

l.OQE-Ce
1 .OQE'06
T.OCHE-Q^
1 .OOE-K
I .QDE-BG
1.ME-D6
1 .OOE-DS

f ,M6.00
LOOK-DO
1.00^-04
1.IWE06
1.C1OI:-UQ

1.D0E-06
1.DOE-O&

1-OOE-06
1 .OOE-0&
1 .DQE-05

1.OOE-O6
1 fJ0E-(J6

1.00E-08
1.O0E-OG
1.0K-O6

ABSd

^.^^HL. .
,,,. ,Ht.

„„ ,
t.OOE-03

NA
i.......

r ,

-

—

1

- •

m m J . .

— 1

4.001- tin

1.S0E-01
1 30E-0I
1.30E-01
1.3OE-0I
1.3CE-01
1.30E-01
1.3DE-Q1
1.30E-Q1
1.OBE-O1

1.4DE-01
1.1C1E-01

3.0DE-M

Intake

^ k l u e Units

intake

WALUE*
UVALLTEF

3.21 E-^d
rVVALUEr

t.-/8E-or
«VW.UEt
f/VAl.UEl
rVVALUE I
ii VALUE I
LVALUE I
LVALUE I
LVALUE!
LVALUE!
LVALUE I
ii VALUE I
LVALUE I
WALUEI
ffWLLlEI

JA/ALUEI
5.4oE-Qo
>3.g9E.(]6
5J4E-0B
2.1SE-06
6.40E-0&
1.44E-Q&
5.49E-08

O.OQE-'OI)
O.tWE'Orj

O.OOE^OD
O.OOEPOD

u.naFlOn

nig*g-day
mg/fccj-rJay
mgJkg-rJ^y

nifl.'Ksj-dfly
mfl,'h[t-aa/:
ni0^k(f-dji/:
mfl/kgVdHY:

nigflfg-daif.
lTigfl<£I-day

mg^g-day i

rng/kgMday'
mg/kg-dar/-
mg/kg-d^y
nig^g-dsty

mo/kg ~day
»nfl/kfl-(jE)y
ri;flfl<0-d9y
r|i(f^l.jLty
riii^ij-duv
ni^ka-dny
rn(j/<ty-dHy

mgfag-iJay
mg/kg-day
mgJkg-day

mqflfj-day
nigi'Kg-tlay
mgf'kg'day
mn^kg-day
nnf|fkn-d"i/
ntjji'Kn <lLiy

tualRrc

Valuo Units

FHD^RfC

i.flOEi-dD
S.COE.&b

.ia.OOE-04
.1-4OE-02
.&.5OE-0G
^ E U E - n s
::9,fl0E'Ot
•3-70E-0?
3.UDE'U1

MA
9.SDE-0'!
s.eoE-03
•2i10€-OS
•^ODE-oa

;:B.eOE-OB

>ft.B0E-05
'3.CWE-01

1 .WE-02
G.OOE-04

NA
NA
NA
NA
NA
NA
NA

2.Q0E-UZ
2.ODE-O2

2.Q0E-0S

•2.G0F.-O3
S.ODE-rj:!

jmrj^kg-da/
iny^k(i-da/
my.1<g-d6y
nho/kB-day

niOrTifj'tJtiy

ing/kg-dtiy
mg/kg-dey
NA
mg^g-day
rnfyykg-day
mgftg-iJay
mgikg-day
mgJktj-rfay

mrj/Ksfday
ms/kg-day

mfl^kf]-da^
NA
NA
NA
NA
NA
NA
NA
mg/fcjg-dey

mg/koj-day
m()/KO'OViy

Jii(i/k(H*y.-
mij/kg^-dny
^i[|'krj-tlny

Hazard

Kaxard
Quotient

1,07E*GQ

JMS.-03

' J .OQEHUO

0,O0E*or;
D.ME*0D
u.MEtOD
C-tWE + OO

O.OOE-OP

O.OOE UK

a!™

Target organ across all «(rOOSu/C [MthWays: CenlraJ narwus syslum
Target organ across aJl eyposUFB pathways: SIKHS =
Target Ojgan acrcss a!l exposure p^thwiays: EMn -
Target organ across a :l fi»;p.rjpure pathways: CardlDvascular5^;l*r 11 -
Target [>rgan across 3ll OXUOSUTO palhmiy i : Kifncy *
T.vnol tyflan acfUSG UN WpOSiJIB iJiiUnmayu: GjUrolnloaiiriEil 5ya!on
Tlirnnl BfJfBfi JlcrusN all usfior.un? pslriwsys; ImmunB syilom =

TnfUul ungftll utftiSS -Tilr ftupouun.' uiHhwrjys

3.47E-02
1.0SE-D2

i.?.
O.ODE-'OO
i.lDE-02

1.1J!E'0n
• • . • • • i . i .

4of4



TABLE C-1B Pfo* Shop Pond
Rocrortllonjit Adult
Surl.tco WMur

EXJMisuro
Routs

Iri'JOStiOll

rotai

List or Clmmlenls of Poloiitrnl
Con corn

Aluminum
Antimony
Arsenk;
Spriipm

Cadmium (in »o»ld martin)
Ciirimhim (Inw.itor)
ChforflluiTh, itrtai

Iron
jead
MangaueiK: (In KdlnwntorwatB^
MangHnaie (in ftiod)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chkirufamt
l-U;XB*iilorue^ciohexanB, alpha-
Volhylnnii ehlorlria
l\ivi/(.i).ui!hinsorm
Bunie<i(ti)jjyr«rMj
BurizujU JllnorEintl i«ne
BBr«o(ff)nuofrtnihiir>a
OliryEariD
Dibenz(ah}anitJiracen&
Ir1(leno( 1,2,3-trfJpyf Bnfl
Naphttialflnft
ais{2-elhy!hexyl) phlhislate
PC6 1254
PGBB, lotal
OOP, p.p1-
DOHj n,p'-

EPC

Vatuo

0

0

0.151
D

a
0

Jj.ftV

U
0
0

n
a
0

CM 131

a
a
(\
0
0
0

ft
u
u
0

mg/l
• i . i,

. - • • i . - |

ni(j/L
FTMf'L
nicjVL

I,,,...

MI.;'

mjj/L
mg^L
fiiy/L
- LI.'L

ma'L
ms/L
nig/l
mfl/i
• i , | . -

...jr
•TIQJL.

. • • . „ • !

ma'l.
nij^L
mqA.

niQ/L
mg/L
mg/L
-IJ.'L

• i ^ - ' l

ML/I

CLinear Risk CalculalJans
intaha
Fflttor

^.J9E-Q5

J].33E-(H
^.39E-O5
A JfJE.05

Jl.nfiF-nii

4.as>c-QS
4i3tie-0B
i.ag£-O5
4.J3E-05
4.3gE-05
4.^E-ns
4.39E--05

fl.3&l£-05
Ji.ME-OG
t.JDEOS
4-WE-OB
<I.:I<JE-[>D

4.flSe-Di
4J9E-D5
4.39E-OS
4.3DE-05
i.39E-05
4.JBE-0&
4.39E-05
4.39E-05
4.39E-D5
-1.39E-nfi
.1 :vii (j:

• " ' • • • < Inlalm

'/tiknj

0.00E*O0
O.OOE^OO
B.B2E-06

0.0(ff+OU
1) OOE-i-00

n.DnE+flo
0.00E»00
J.S2E-CIJ1
1 .GflE-Ofi
6.49E-Q6
0.00I-+K)
D.D0E+D0
O.OOE+OO
0.0OE+O0
0.00H+DO
O.ODE+Dfl

^ 3(JE'(H1

3.53E-07
0.D0E*00
0.0QE+O0
O.()tJE'hO[J
U.0DE+0D
O.O&Et-OD
D.rjDE+DO
fl.&OE+OO
O.OOE-KJO
O.00E*0rj
(l.OOE+OQ

y.ooE i-oo
H.0nE+D{l
O.OOE+CJU

LJr.ili

CSFJUfiltRlsk

Value

NC
NC

t,6DE+00
NC
NC
MC
NC
NC
NC
NA
NC.
NC
MC
NC
NC
NC
NC
MA

S.30E*00
7,B0E-Oa
?,3dE-01

7,3OE'D1
7.3OE-02
T.30E-C3

7.30E+LII>

7.3OE-01
NC

IAQE-OZ

a.ooE*oo
2.00EfUu
2AUL-01

Uni|3

NC
NC
(m^ka-dayM
NC
NC
NC
NC
N<
NC
NA,
NC
NC
NC
NC
NC
NC
NC
NA

(mg/Ky-tfo/V1

(mg/kB-dfly)'1
(rnurtifj-iinyj-i
(nig/hft-da/)-i
fmg îoB-eisyJ-t
fm(j.'ka-diiy)-i
(mg/kg-anyj-i
(mg/ko-dayhi
NC

;mntoy'dey)-1
(mDfl<g-dny)>1
(•>iii.'Ki| ifny)-1

Cancer
Risk

• • ' • . - , ••>•

1 /lliK-flS

O,0[JE*00

O.UDE+OO
o.ooe«-Do
0.OOE-K10
0.00E+OO
O.OOE+OD

n.ME+00
aooc*™
Q.-ntJE K)0

o.oor-tftn



TABLE C-1B Plow Shop Pond
Hocrimttunsil rtilull
'-in I-if.. '.V.i 11.1

Expusuro

Route

Darmal

Grand Tow

LEal of Cho-micals of Potential

Concern

Aluminum
Antimony
Argpnlc
Jarturn ..
Cddmlurtt {In solW motttflj
™l — . J LL.I |_L_ _f|pl. I l l , . d . . j 1

t̂ iJurhfcjurM (In wiilufj

Ctuflrnluin, total
Inpfwr
Iran
Load
Manganese {In Mdlmenttffifcawr)

Manganes&flnfcgd}
Mercery
SotorSiUfli
ThalNuni
Vanafllum
Zinc
Chmrofoim
\ JnKanNiwnrtydalnnsJlit; !*t(ltlH
MiHuyietno ̂ hrortdit
Hi'ii/(ii)iirilhrncvhe
I3unz(i(3)pyn»nu
flen7O(b)(luiirarLthung:-.-
aenzotkyfiuDrfinihen*1

Curys^ne
DitKtnz^ahjanihrsvenaJ:
indenoCf ,2,3-od)pyiiej»
NapfilhHlene
Bl5(2-olTiylr.aj:yt] >W*iBiatJ(
PCS IZfnfl
Pi"l5s, lolal
aoo. p,p'-

EPC

Value

0
0

0
0

a
0

5-37

0,OOO37fl

n.ua
0
0

u

0.001 ai
fi VAtL-W

P.OPJJM

0
0
Q

c

0

a
0
0
0
0
0

Unite

mgjX
m£f/L
mn/l
ii ii I/I
J 1 1 i i "

rrnj^L

mg^L

ffi'jIL
mgi/L
rn^/L
jngjl
mgrt.
mgfl.

'OU'L

mg/L
m(f/L
m£t/J.

mn/l.

mgrt.

mgfL
mg/L
mg'L
Mig/L
mjf/L
me/L
nig/).

Canaer Fthk CilculatlorH
Inlaka

Factor

Inlahci
Faclw

4.91 E+DD
J.91E+00
4.B1E+IK1
4Lt>lEH-P0
4.&1E+00

4.*JlE*oy
I.StE'OO
4.StE+0D
J.91E+0l>
-S.51E+DD
J.S1E+O0
-1.91 E+PO
4 91£ipfj
4.91 E+00
4.91E^0
4,StE+OD

^.si EI on
Jl.91E-i-P*J

J) tHH:*ny
4.U1E+{JU
-t.^iE'OO
4.51E+00
4.91E+00
4.91^+00
-1.9-fE+OP
4.&1J:+[K1
•1.91F+00
4.91E+P0
n.&1E*00
4U1Et()[)
-1.5 IE'00

DA cVOflt

Q.00E+0O

O.OPE+PO

e.tME-07

:0,tJPE+O0

10-001= * 0 n

O.COEHOO

(J .OOE+OP

« yjE-OS
1.52E-O0

S.92E^r
O.OPE+PO

o.ooe+oo
e,[>PE-»cio

Q,OOE*0U

(JJ0OE+M
y.ooetot)
4.4SE-0J?
C&1F-I15)
1.3IK-07

O.OPE^O
O.OOE'M
0 DOE+OO

O.OOF+00
o.ooe+rjj
COOE+oo
O.fjOE+PO

0,OP€^0
jiMe+oo
o,i>oe*or>
OJCIOE*OP

bjOOE'i'OO

o.orjE+on

Othar Intake

Vain* J Unto

Intake

awti+op
e.opjuoo
2.<56E-P(5

[I.PflEH-prj

O.OOE'OO
;1 finti*nri
\J,u^^l7Tvkf

OOOH+OP

O.OPEi-OO

1.17E-P4

7J14E-P9

^.HJ0E^D6

.a.poE^oo
•'O^OE+OD

•0.0GE+0O

-o.ooE+rjD
•D.OOEHOO

O.rjrj^+nfl

Z.13E-P7
3.34E-08
G.fl1E-or

O.O0E*00

U.00EK3P

O.ODE+00

O.O0E+0O

O.DPE+PO

O.00E*00

O.OOE-+OD

CLOOE+QO

O.OOti+OP

n,OPE+rjfl

t).ooe.4'0o

[f.OPE-CO

CEFAJnit Rhsk

ValiiB Units

CSFWnit Risk

NC
NC

1.5PE+00
NC
NC

rut
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA-

7.50E-O3
7,30E4)f

7.3DE+O0
7.3^E'O1
7L3OE-O2

7JOE-03
•7.ME-KICI

7-30E-Ot
NC

1.4PE-0Z
2JOOB+O0

Z.WEtrjD
2/I0E-O1
3.40IT-&I

we
NC
(Hia/kg-rffly)*!
NC
NC

NC;
we
NC
NA
NC

NC
NC
NC
NC
NC
NC
NA

(rn^kfl-day^i

(mo/kg*<lnyH
{maJtofj-dny)-!
{mnJk!g>dfly)-i
(nqgykg-dayj-l
fmi?.1<g-£fay)-1
(rng/ks-dfly)-1
(mg/kg-day)-1
(mgflcg-dayj-i
NC
fmg/irtj-dny)-t
(dfi(fJlio-((By>-T
(rrin^g-rfny^l
(rtiu^i|.tkiy)-1
(irHj^fl^u/J-1

Canaar

Risk

Cancor
Risk

4JtSE^6

!!.11it-07
t.B«E-0&
0.00T i[W
O.GPE+PO
0 00E *0O
O.POE*QO
o.ooE+orj
o.OQE+oa

D.of>E*OD

O.OOE+UO
il.POE+00
acoE'OO
rj.ooE+yfi
[j.ortE+rjp

4.flSE-ae
1.40E-C5



TABLE C-16 Plow Shop Pond
FICHLP nnl Ici 11 ill A I IL I I I

Suripcti WfllOf

Rout*

IngostEon

•

d':il

List ttl Chornltdls cf Potential
Concom

Aluminum
Aniimany
ArsMle
3flnun>
Cadmium (in solid modta)
Ondpilurnjm v itW)
Chfotrtiun'i (uitii

nwi

Lend
Mmi^unaas (Irt aacflmonl or water}
Manganese (In fond}
Mutury
Selenium
''U li-T.
VnnsdlLsm

Chloroform
i loxocHloroiydQUSKanft, alpha-
Mfithvlonn flhtoripo
ISuri^jdHmlhMtMJin)
ttuniu^ujuynonu
Dan ZQ<, u)flun'nnthftin>
Bflruo^JlluoraniharMi
Chnyaane
Dlban*(aJi)anUinst&n(s
1 nc"flnc( 1,2,3-cd Jpyrene
Nsjjhffialeno
EisfS-aihyUiwc)1!} ph i te la le
PCS 12M
P C B E , tot*)

ODD r JJ.IJ1-

DDE, p.p1-

EPC

Valuo

•
0

0.151
a
0

0
0

9-B7
D.0D03?B

0,148
0
0
D
0
D
D

0.0D(31
5.i!4E-UJ;

n.t>netM
0
0
0

0
0

0
D
P
ft
l>

a
0

mg.'l.
;ng,'L

n |.'l
n -i.'l
rnfl/L
nifln.
niyi'l

nifr/l
!n(|/:

mq.L
rw|/L
1 • ; - 1 . |

1 -i-j.-l
myH.
I ' K l ' l

nifli'l
IHUTL

rngrt.

nw l

.mgJL

ngJl
rny/L

rnjjfl

Non-Cane«i-Hazard Cnlcu hit Ions
liKftkif
factor

1.02E-W
T.diE-W
1.0?E-W
1 (V ' l (J.S

1 .D2E-M
1.02E-O4
1.CWE»W
1.KJE-M
1 UiliOt
1.02E-G4
1.(I2E-[H
:.0^E-04
t.0?E-tH
t;tt2E-4M
1.02E-O4
1.02E-W
1 .DZC-O1

1 ,oaf-04
1 .&l!E-rj4
1 IKE-IM
1.C2E-M
1 toE-D4
1.a2E-04
1.02E-O4
1,02E-0i
1.02E-M
1.02E-f>l
1.02£'04
1.WE-D1
1 .Ct2E-04
HHE'W

1.07F-M

CMfwf Intiiho

O.DDE+OO
CLME+DO
T.5&1i-3£

O.DOE^O
O.OOti'OI}

o.oye+ou
U.OQE'OO
D.ODE+IM

()11t-l>4
i.BOE-W
1.51E-05

O.DOE+W
0.00E*OQ
O.OOE+00
O.OOE+OO
D.ODE+00
O.ODE+00
1.31E-U?
fj.^fiEf. LhJ3

O.WEiOO

O.OOE'OO
n.fioE+ou

o.qde+oij
0.0OE+OD

O.OOE+00
0.0D£+K)
O.OOE+00
O.ME+00
0.0OE*OO
G.{JOE*O0

O.OOE; f-oo

o.ooEton

Units

rng/ks-day
m^kg-aay
mg/ig-day

nujtkO-iUif
mu^rriioy
m(](|(inJuy
ing^kg-dBy
mg'l«ij-day
mgiyhg-day
mg^Vig-dav
mg/K^-dgy
rig/f(!J-day
fng^kg-dsy
itig'kg-day
m^/kg-day
mtĵ kg (i j i /
n ifj/kg-duy
mn/kij-dny

muflig-dny

frta/hg-day
mg'kfr-day
rn^kg-day
mg^kg-day
rngrkg-day
mgi'Jdg-day
mgftg-day
fTlj/kg-tfuy
mfl/kg-diiy
n^j/kf|.(Jav

Rin^Rrc

Vyhip

1 .uoe+ao

:-4J0.0E-O4
3.0DE-{]4
2;00E;-0t
1 ,ODE-n:t

SS.TOE-OI
3J0E-01

NA
•JJ40E-O2

l yWE-t l l
3.Q0E-04
5.00£-03
e,6DE-0£T
1 .tWti-rja
3.ME-01
1,00E-D2
S.00E-W
WQE.fM

NA
MA
MA
UfA
NA
NA

2.00E-D2
2.WE-32
2.00E-O5
Z-OOE-OS
i.ME-Dg

LTnFlf.

mq'kgWay
m&'kgftlay
mfj/Kyrduy
mgrtigWfly
m(j/ko/<J;jy

mp^kgAJny
rnflfkfj/dny

NA
mg/tej^ttay
mgffiia^day
rngtogAday
mff/kg/day

mg'kg/dtiy
msj^kg/tiuy
luo'kgKfiiv
mfj/kfl^Joy

MA
NA
NA
HA
NA
NA
NA
mg/Kg^ay
nig/Vday
mq/Kgi/day
mn^k[|/drt^
rug'kgfJay
m^kflfrfay

Hazard
Quotient

O.ME+ 00
0.QOE+DO
S.1SF-02

0.1I0E+0D
0.00E+00
O.OOITfDD
U.OOH+WU
Q.orjbi™
a.oir-t>3

S.31E.04
D.ODErOD

O.OOE+00
rj.ODE+00
O.OUEntX)
O.ODE+0O
O.OOE+00
I.SflEiOS

1.37E-OS

OJOOE+QO
O.OCtE+OD
O.OUEiOO
O.ODE'Cfl
0.006+UO
o.noh*ao

a or 4
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TABLE C- IB Plow Shop Pond
n*cr*«tlon*l Adult
Flit)

Expoiuro
Routo

Total
GfiimJ lulnl

Litt of Cl iumkjk Of PoJanli.il
Coficarrc

AlurnniLini
Antimony'
AffiMkl
Sarlum
Cadmium (h Solid nwdla)
Cudmlum (rn walnr)
ChfOni.nm, [o1.il

• i | . | : • • '

Irurl
Lead
Mangsineffs {in Eadinwnt or vtoloi}
Wanganojo (in food)
Mercury
Sotoriium
Thallium
Vanadium
Zinc
CNivoform
Hmwdhtanjcyurohwwfle, alpha-
Muliylonti dilorlctt
Qona(n)nn1hrflMrtn
EI«iwjfi(H)fhyifuiift

B6n/o(lj)r1utirtiiilfijjnia
BonzflfkJfliiDfflrritisne
Chryserw
Diben-4ah)an!hfacene
lndeno(f,i:13'Od)jjyrBno
Maphihglene
eis^-olhylrjex^lj phihaiato
FCB 1254
PCBs, tcHai
DQD, p,p''
DLlli.jjV-

ITPC

Valu*

•;•

D

D

q
0
0
0
0

?59
0
D

0.44S

0
0
0
0
0
0

a
0
0
0
0

ft
D

U.01B7

Units

nriErrttg

mq.'/fj
mg/kg

Iny'ku
mo/Kg
mo^a

jngjkg
mg/kg
mg^kg
nugfky
mg^kg

rr^/ktl
mg^Jig

mttftfl
mrj/ky

rng'kg
mgfkg
rrig'kg

msj'tg
mgfiig
mg/ftg
mg/hg
mg/ka

C sneer Risk C.ilculntjons

EtSteS
Factor

1.5BE-M
1.B6E-M
1.56E-04
1.S6E-04
1 .1 1 IM

T.SQG-O'J

1-WE-W
1.56E-M
1.S6E-tM
1.56E-D4
1.S6E-04
1.56E-O4
1.56E-04
1.5SE-04
i .see-04

t,«eE-w

I.SOE-tM
[.50E-114

($€44
.5BE-Q4

.&6E-04
1.&EE-M
1.56E-tM
1.56E-B4
1 56E-04
1.5flE-{14

i,ese-w
1.5GC-CM

Oitior Inbihe

Vill no

O.&LjL-HTjrj

g.OOE^O

1.2^E-t)n

O.OOEtOD

O.COE+OfJ

O.rjOt+oy
O-ME-i 00

O.DOE+OQ

n.ooE*ou
0.00E+00
O.OOE+00
4.04E-04
&.00E+DO
D.ODEH-00

7.0tt-05
o.mE+flo

0.00E+OI}

o'.qbs+oo
ff,05£+(Kl
O.rjDEH-00

Q.MEi DO

O.DOE*™
o.ooEtorj
O.0OE+OO

rj.ooE+rjD

U.OOE'i M

U,rjDE+D(l

O.ME+OO
0.{K)E+C0
2.<J2G-Oe

Units

CSF/UnilRJsk

NC
NC

l.WE-Klfl
NC
NC

we
N$
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA

7.50E-03
7.^fll u l
7.3DE+00
/.aOEi-Ol
7.arjE-02
7.30E-U3

7.3C1E+00
7.30t:-Of

KIC
1.4OE-O2

7.0DE+00
i.MEH-DO
7.40E-OI
:.H,-1[)E-OI

Units

NC
NC
(rmu^g-tfBy)-i
NC
NC

MC
NC
'AL
NC
NA
NC
NC
NC
MC
NC
NC
NC
N*

(ruflJka-dnyH
(m^kfl-rJ.iy)-i

((hQflkyhdty,) i
{nigAjg-(JBy>-1
(mg/k(j-oiiy)-"l
(mj/kg-ttayj-i
(mg/k^da/l-i
(niy/Kg-dayJ-i
{mgi'kg-ria/)-1
NC
Im^lfcg-doy^-i
!'iig/hg-riay}-1
(rnn^kfrdayfi
(nnj'kfj-djiri.1
(in^ku-ida/J-i

Cancor
Risk

1.WE-0S

CDOEH-tHl

O.OOEHOO

O.OOEL+DO

Ct.ODEtOrj

0.DOE+D0

0-03E+rjD

O.DOE+DO

(J.OOE+00

O.ODE+rjD

A.UrjlM)7

1 see .Ob
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TABLE C-20 Plgw Shop Pond

SocJImont

Expoaiiro

I-El-I l l < :

i : . i : • : . . ! : . :

fatal

Llai afCfioiTilc<il« al
PatflnHst Concern

Aluminum
Antimony
Arsenit
Barium
Cfidrnium {in so>id moiM)
Cadmium (hiv/ttler)
Chromium, loial
Copptr
Iron
Luod
Manganese (lr> sediment or wf
Manganese {in food)
Mercury
SeteniiFm
Ttatlilum
Vanadium
Zinc
Chloroform
HomrhlOTmyidohoxanQ, alpha
Mothylnno chlwida-
Bun£(*i)fjnWifHutnirj
Bonzotujpyrtifio
BonzojbJfluor.inLbonia
l3enHj(k}1H[orBnlhare
Ctin/senti
DibenKJahJanlhraoene
lndeno{1 r2,3-cd)pyrenQ
Naphlhalene
Bi3(2-e(hyJhoKyt) pmlialato
PCB 1^64
PCBs, total
ODD, p-pj.

OOt, u,f/-

Value

9660
17.1

a
15.3

12200
/ • . . • •

3G30Q
22B

3020
0

34.7
a

13.4
35.6

0
q
0
0

bjsi
4 Jeff

1.44
<2fl
0.96

0
n
0
0
0
0

Units

• 11- i/i-' i

,'k'i
mg/kg

mg/^g

mg/kg

mgVkg

ms/kg
mg/kg
mg/Kg
maflig

mg/Ku
mg'kg
mg;kp
"T^'kg
mg/kg
mg/kg
ma/kg
mg/kg

nhSj/kQ
mgfhQ
mg^D

Caocor Wflh C a l e u M J o n i

Factor

2.DSE-07
2.05E-O7
2.05E-07
2.O5E-D7
2.05E-O7

2,05 £-07
2.05E-07
S.OGE.OJ*
2,05E-07
2.05E'07
2.05E-07
2.05E-07
2.05E-fl7
2O5E-O7
2.05E-07
2.05E-07
2.05K-07
2.05t-07
2.0CE-OV
2.Q5E-07
2.0SE-07

2.0&E-O7
2.O5E-O7
2.U5E-Q7
2.05E-07
2.05E-07
2,05E^07
2.0SE-D7
2.05E-U7
2.U5E-^7
2.05547

CHIwr (ntako

Value

1.96E-Q3
3.50E-06
t.9OE-04

O.OOE'i-00
3.13liO6

2.&0E-03
e.o(te-oD
1,9TE^n2

6.1BE-G4
0.00£+(H)
7,10E-06

0.00 E+OO
2.74E-06
7.2QE-D6
0,iXiE*00
O.OOE+OU

O.OOE+00
7.47E-07
9.5eE^7
7.9BE-07
2.95E-O7
e.76E-fl7
1.96E-O7
7.49E-O7

0.00 E+00
O.OO1=+no

O.OOE*00
O.00E*OD
O.00E+O0

o.mn»w

iiiiiir.

CSF/Unlt Risk

NC
NC

1.5OE+OO
NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA

0.30E-1-00
7.5DE-03
7.WE-01
7^0E+00
7.30E-O1
7.^0E-02
7.30E-03
7.30E+00
7.30E^01

NC
1.40E-O2

2.0OE+0O
2.00E+00
2.40E^1
3.40E-O1

NC
NC
(rng/kQ-ilay>1
we
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA
(mg/ksf-day)-1
(m[yk0-dey).i
m(]/kg-day)-1
mg/Ji9-rtHy)-1
mg^g^ay)-1
nigrttg-fJay)-i
"i5'k£Hay}-1

(mg/kg-dayj-i
nig/kg-dayj-i
NC

mg/ky-day)-1
niy'Hydoyyi
mrVkn-d;iy)-1
iri(|/kg-rifly).1

ClIILLII

2.S5E-04

o.oor<f>D
(J.OUE' Hf}

S.46&07
a.eet-oo
5.83E-D7
2.1SE-08
C.39E-D9
1-43E-(?e
5/t7E~07

O.OOE'iOO
0.00E+0D
O.0OE*-OO

o.(jot:*ofl

2.95E-04
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TABLE C-2D Plow Shop Pond

Expos wu
K..IN1"

Dtrmal

Grand Tola

List of Chemicals of
Potential Concern

Aluminum
Antimony
Arsunie
Barium
Cadmium (In solid madia)
Cadmium (in water)
ChiQrnlurn, total
Coppw
Iron
Lead
Manga ncso (in sedimonl or wa
Manganese (in food)
Mnrcujy
Sfltenlum
Thallium
Vanadium
/in.
Clilofolorm

HoKooNofocydohexuno, elplw
Mnihyliino chlfirldo
Benz(a)an<hraceno
Ben*i>(e)pyreriti
Benzo(b Jlluarafi Ui ene
Benzotkjfluorantbane

Chrysene
Dibenz(aM)anthfa«*ne
1 rKteno(1 , 2.3-t;d)pyTene
Naplithalana
Bte(2-eihv1hexyf} nMhalnto
PCB 1234
PC By, total
UUU, p.p'-
DDE, p>p1-

EPC

VBIUB

9360
17.1
930

0
15.3

12200
297

9G30D
229

302O
0

34.7

•
13.4
35.S

D
0
rj

D
3.65
4.67

3.9
1.44
4.28

am
0
0
0
0
0

a

Units

mgykg

rtioykg

i n-tq/Ky

rrnj/kg

fng/J<g
mgftg

mg/kg
mgftg
nig/kQ
mgrtig
mg/ko
mnjkfl

ma/kfl
rng/kjcr
rntj/kg
rng/kg

nig/kg
mg/kg
mg/kg
iTiy/kg
mg/Jtg

mo/Ha
Migflig
mg/Kg
mg/kg

Cnncor RFak Calculntlonr.

Iniako

Intake
Factor

1.6SE+Q0

i.eefe+oo
i .eae+oo
1.E30E+00

I.EHE'OD
i.esEtoo
1.e9E+00
1.69E+0D
1 .eSEt-DO
1.69E4-OO
I.^E+TO

1 ;pEttio
1.6OE+0O

i :6se+oo
i.ettE+oo
1,886+00
1.63E+00
I ij-.ll i-UCJ

1.6QE+0u
1.69E+00
1.60E+DO
1.69E+D0
1.69E+D0
1.69E+00

169E+O0
1 ,<J9E+{»
1 ,e9E+0O
1.CflE+00

i,eon+oo
i .eitE+oo

DA event

factor

1.QOE-06
1-00E-0C
I.OOE-Oft
1.0Ut-06

1.D0E-0G
1.00E-06
1.0DE-06
1.00E-06
1 .ODE-06
1.0OE-06
1 .OOE-06
1 .QOE-Orj
1.00E-OB
1.0OE4>6

1.0OE-OU

liw&oe

tootoe
1.00E-06
1.00E-D6
1 .ODE^OG
1.00E-D6
1,00E-rj6
1 .ODE-06

1.0QE-OG
1,OOE-O6

1.00E-OU
1.00E-06
LOflli'M

1.00E-06
1.00E-0S

Othor

ABSd

1 - inipn.jLL*

003
-r 1i T-.- j f '_l, ' j |

(J.Ot)i
NA

--

»„, , ^,
>• - . . ™ ,

• •••pilMJ «l^

, _ _

1 •

— - - ,

*i*r?.-—.'l '. l

- •• mi , HI

„ •—™. . — ,

0.&4

0,13
0.13
0.13
0.13
0.13
0.13
0.13
0.13
0.1
0.14
0.14
0.O3
0.03

Intake

Value Units.

Intake

#VALUEI
LVALUEI

4.71 E-05
tfVALUEl

a.sou-oa

LVALUE?
WV/ALUEt

rfVALUEl
WALUEI
ffVALUEt
#VALUE!
^VAL tJFI
SVALUEI
LVALUE I
LVALUE I
((VALUE1

WVAUUbi
0.0OE+0O

K VALUE!

e.aiu-07
1.02E^06

3.16E-D7
9.3ftE-tJ7
2.11E-O7
S.O3E-O7

O.ODEtOO
0.0OE+00
o.oot+oo
0.0OE+00
0,0OE+00
O.OOEiOQ

CSFJUritRlsk

Value

C3FJUnit Risk

MC
NC

1.5DE+D0

NC
IVC
NC
NC
NC
NO
NA
NC
NC
MC
MC
NC
NC
HO
NA

e.30E-i-00
7.60 E-03
7.30E-01

7.30E+00
7.3OE-D1
7.3OE-02
7.3DE-03

T.30E+Q0
7.3OE-O1

NC
1.40E-O2

S.OOIii-OO
2.0.UE'iQO

3.40E-01

NC
MC
(mg/kfl-dayM
NC
NC
NC
NC
NC
NC
MA
NC
NC
NC

we
NC
NC
NC
NA
(rrin/fcfj-aay)-1!

(mg^g-dayJ-1
(nrtj/hg-dtiyj-i
lrngJk£-<tay)-1
(mg/kf]-dayj-1
(Hig/kg-day)-1
(rr.^kg.day)-i
(mg/kg-dayj-i
(m^/kg-dayM
NC
(rng/l(g-jay)-1
(mg/kg-flQy)-1
(mgrttg-dqyj-1
(mH'kfp-dayM
tmg^kQ-day)-1

Cancer
Ri&k

Cancer
RisV

r,07£-O5

7.4aE-0fi
6^5E-O7
2.31 £-06
6.86^09
1.54E-0&
5.SI3E-D7

O.OUL - 00
O.WE+00
0.00E+O0
O.OOEHOO

8.O9E-0S

3.77E-D4
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TABLE: C-20 Plow Shop Pond
Recreation n I CfilJd
Sodimonl

Exposure
Route

DertttBi

Grand Totai

List of Chomlcnla of
potential Concern

Alirmlnum
Anilrnony
Arsenic
Barium
C/nimlum (In saNd modfe)
Cnrtmlum (In water)
Clirainiurn. total
Copper
rnn
Laarf
Merrgartese (in gedimejnfor w.=
Manganese (in food)
Marcury
Selenium
TtiaUmm
VtmBdium
Zinc
Chlorafafnn
Haxachlof oeyfllo)ie«(in»*ifllpf i-:

Melliylunechtorida
Berizfajanuiraeaha
Benzo(a)pyrene
Ben2o(b)1l Lturantbetie
Benzo^ffluoranlhene
Chrysono
DibenztafiJanthracene
I ndono(-K2,3-cd Jpyfene
Naphthalene
BIsft-oihyiMoxyi) pfolhalflto
PCB W,4
PCiBs, total
ODD, p,p'-
DDE, p,p'-

EPC

Value

9660
17.1
930

0
15.3

12200

9&300
223

3020
0

3^.7
0

13,/t
35.6

0
0
0
0

3.6S
4.67

1.44
4.28
D.96
3.66

0
0

0
{J
0

Units

mg/kg-
nig/ktf
mg/kj
mg/kfl-
nmtta

mg/Kfl
mg/Kfl
mg/Kg
mg/kg.
mg/kg-
rng/kg
rng/kg'
nig/kg
fT^/kg
mg/kg
fiiu/ltii
fnfi/kn
rifj/kg
fliy/ky
mg/kg
mg/kg
mg/iio
mg/kg
mg/kg
mg/kg
mg/kfl
mg/kg
my/kg
mn'kji
ma/kg
mfl/ka
mo/kg

Won-Carcsr H^unrd Qflcufotloni
Intake

Factor

Intake
Factor

1.97E+01
1.97E+01
I.^J=i-01
1.97&'Q1
T.'J7tn-01
I.97E+01
•T.97E+01
1.97E+D1
1.97E+O1
1.97E+0I
1.B7E+01
1.97E+01
1.97E+01
1.0TE+01
1.97E-I-01
1.97E+01
1.976+01
1.37E+01
1.97CI-01
t.a7EH[)i
1.97EH0t
1.07E+0f
1.97E<0-|
1.97E+01
1.97E+01
1.97E+01
1.97E+01
1.97E+01
1,97£+01
1.97E+01
1.97E+D1
•l,S7EiD1
1.a7E^f

Othpr

• A fiv&nt
factor

1.DDE-06
1.00E-ne
1.OOE-06
1 .OftE^OB
1.00l£-0B
1.0(JE-O6
1,00£-W
I.OOE-Ofl
1.00t-(K
t.00E-06
1 .DOE-06
1.00E-06
1. DDE-OS
1.00E-D6
1 .OOE-De
1.WE-DES

vooe-w
1.006-00
1.00E'OG
T-0OE-0e
t.OOE-06
1.00E-06
1.00E-06
1.00E-06
1 .TOE-06
1 .OOE-DG
1.00E-OD
1,0OE-t>6
1.00E-VI}
1.00E-OB
1.0QE-0C
1.00E-OS

AQSd

, , ,
,^—, ,

3.00E-02

1.00E-03
NA

—,
...

»„
,„„»,

—-̂ ,
,™ r f _ ,

^ _

T — ML L- J- - -

•^^—"-F-T'l

T-uiurn....j in

4.00E-02
, «

1.30E-01
1.3OE-O1
1.3OE-0t
1.3OE-O1
1.30E-01
1.30E-01
1.30E-01
1.30E-01
1.DOE-01
1.40E-01
1.40E-01
3.00E-02
3.O0E-O2

Intako

Units

Intake

WAJLUEf
#VALUEI

6.506-04
/IVrtLUfil

^.Oid-07
it VALUE 1
/'VALUEl
W VALUE!
LVALUE!
LVALUE!
WVALUEt
^VALUEt
#VALUEI
LVALUE 1
WALUEI
II VALUE 1
It VALUE I
J*VALUE1
D.DOE+rjO
tf VALUE!
9.^5E-O6
1.20E-O5
9.99 E-06
3.e9£-oe
1.10E-05
2.46E-0e
9.37E-06

O.O0E+0U
O.00E*00
O.DDE+00
O.OOE-HJD
O.OOE'HOO
O.OOE+00

Ti?g/kg-day
mg/kg-day
mg/kfl-day
mgtorj-duy
mg/kg-Jny

mg/kg-day
mg/k^-dfl^
Inn/kg-day
mgJIeg-day
mgVkg-day
rng/kg-day
nig/kg-rJay
mgfl<g-day

mg/kg' tf ay
img/ktf-duy

rng/kg-dny
mg/kg-day
mg/kg-day
mg/kg-day
my/Vy-day
mg/kg-day
mg/kg^ay
mg/kg-day
mg/kg-day
mg/kg-day
mg/kg-dey
«r;/Kn-d.9y

rnyftg-day
mg/lkg-rJay

RfDj'RfC

Vatue I Units

RfD/RfC

I.OOB'00
0-OOE-OS
3.00E-04
1 .rfOE-fl?
2,5D[l-()5
E.SOt-UU
3,901: -OB
3.70E-D3
3.D0H-01

NA
S.^OE-M
5.60E^03
2.1OE-05
5.0OE-O3
c.eoE-ofj
2.(50 E-OE;

3,00E-O1
i.ooe-02
S.OCiE.04
fi.OOE-02

NA
NA
NA
MA
NA
NA
NA

3£oea2
2.00E-02
2.00t:-OS
2.00E-O!i
S.ME-^S
2,0OE-O3

mg/kg-day
mgrt?g-<(ay
mg/kfl-(tey
mg/kO-tfay
mo/k^day
m^kfl-dHy
iny/kg-day
mg/kg-day
mg/kg-day
NA
mg/kg-Jay
mo/kg-<iay
mg/kg-day
merkg-day
mg/kg-day
nig/kg-day
iTHj/ko-duy1

ni(]/kg-rjay
mg/kg-tkiy/
mg/i«)-dfly
Nfi,
NA
NA
NA
NA
NA
NA
mg/kp-day.-
rfln/kfj'day^
mg/kg-day
iny/kg-d«y
rrKf/kg-day
ma/Jcg-dfly1

Target nFgan across all mpasirrs pathways; certliaf nervous systejin -
Target organ across all e*posure pathways! Eloqd =
Target organ across all exposuno psi!tiwe,ys; Skin =
Target organ across fi'l oj.'pos'.ire patlhways: C»artli&vas™iar*vTHftrti =>
Targur orywn sicross aN e x p o s e paihwflyd: Kktnuy =
Tnrgot org,ir> {JCTOHS oil «nhn«urLr pothiwaya: GdlroinifwiliiFir S/atom •
Tnrfiol rtrjjflfi across nit oxiwsuru untMwaya; immuns nyefnm =
1 maul organ rtcrorso nil rjxp<t*tirft pnthwuysi Liver •

*3wsi wgaci across All exposure pnthwaysi Whole tiixji^roWlll-=

Hwflj-d
Quotient

Hazard
Quot ient

1 .S3E-KKJ

1.Z1E-W

O.0pe+(H!

U.OOEi-00
O.OOE+00
D.OOE-tOO
o.ooc+oo
O.CHIE-" 00
O.0OE+OD

1,a4E-i-Qfl
2.10E+A1
i.^^E-01
1.02E-01

9.?3S*orj
o.orjE+t^o
4.8<]r-r>?
1.0 5 E-hOI
a.7BE-01

"4.E15E-01
fi.5DE!-n2



TABLE C-21 Plow Stiop PantI
KocrdJiMunal Child
Surface Wulor

Exposum
Route

ngestion

losctl

Llat of ClinmlcDfs ot Potojiiiul
Dorwara

AJurflinum
Antimony
AfSOnlC
Barium
Cadmium fin solid motJla)
Cadmium (in wulur)
Chromium, lolnl
Crtppor
Iran
Lead
Manganese (In aacHirian! a r waier)
Msngarwsfl (in food)
Mercury
Selenium
Thallium
Vanadium
Zinc
Chionofomi
HawfillJgrotydonwaine, alpha-
MnUiyluriu clitaride
l^i'ii/.lnjLinUiriiLoritJ
Bomo(a)p/nen«
liuriJ'jO(b)(luor3nth«rto
Rertio(h JPuoranihEHie
Gtuytm
Dlberiz(iih)arithrflcene
ln(fano(i.i,3-cd)j)yri)no
Naphttintene
Bis(J-athylhujii'l) pt'UialalL'
PCQ i£W
PCBs. tato!
DUC. (>,(>•-
DDE, f).p'-

EPC

Value

rj
0

0.161

a
n

p

a
&9T

U.UOQ3V9

0-1 «(B

0
0
0

a
0
fl

0.00131
S.2<1E'D5
0.0CWW

0
0
0
c
0
0
0
0
0
0
0
0
0

Units

••'Jit

mo.'L
. - - j . 1 ! .

Efli1
m /̂l

EUiL
iri^i'L
mg'L
mg/L
nig/l.
mfli'L
rna/l
rnyi'L

niiji'l
1 • '•_••'
niej'l
riuj/l.
mg'L
nw'l.
,„...[
nly/L
mtf/L
mgi'L

rriy/L
mj/J.
mrjJl

myfl.
mn/l.

Csrhcur RLsh Calculj i l iori^^
Intake
Factor

2.O5E-&!
2.0SEW

J.OSE-W

?.0SE-W

3.05E.-W
:; MM in
^DSE-IM
^.06ti-rj4
;.Q£E-W
J.06E-04
S.0&E-D4
Z.05E-04
2.06E-04
2.05E-04
2.O5E-04
2.OSE-C4

2.0BII-04
3.05E-04
2.05E-O-1
Z.[JSE-04
a.o5E-o4
2.0SE-04
5.HSE-04
2.USE 04
2.DSE-O<J
a.05E.0i4
2.0!iE-04

2.U5E-0i

Olhor liil^iha

VBJW

a.orjE+OQ

n ooe+oo
0.O0E+OU

O.tME'M
0 CX1E+CKJ

i,saa-cra
7.7&E-pa
a.03E-llS

O.PtiE+(IO

O.OOE+PO

O.flOE'OO

o.aoE^oo
O.OOE*0[>

O.OQE*00
2,6BE-07
LOTt-yU
i.&Bt-{ie

O.OOE'OO
D.Q0E-K)n
U.OUE+Ou
[t.orjE+orj

O.OUE-HOO

0.0[>E+orj

O.0QE+0D

O.OOE+OP

o.ooE+on
0.0PE+D0
O.ODEH'&D
O.DPGH-K]

CSF^UnURlsk

VUILIB

NC
NC

NC
NC
NC
NC
NC
NC
NA
MC
NC
NC
NC
NC
NC
NC
NA

B.3OEH-0C

7,HE-03
7*308-01
r.30E+rXi
?.aoE-oi
7.3OE-tK
7.3OE-U3
7,30E+00
7-.30E-DI

MC
1.4DE-P2

3-OOE*00
2.0OE*-{]Q
2.40F-fJi

MPE-yi

Units

NC
NC
(mgftg-day)-t

NC
NC
NC
NC
NC
NC
NA
NC
NC
NC
NC
NC
NC
NC
NA
(rnu'ko-cfHy)-!
(mofkg-tfnyH
(rrt)]/k[)[lny) t

(rriu/k^-dayj-l
(m<3^kO'day)-i
(mgftj-dflvj-i
(mg/kg-dayH
(mgn?g-day)-1
MC
^gflif l-da^)-1
lma^)-da^)-1
{mfrVq^iHyH
irri!^(j'drtv)'l
imsf-'Ky-cioyj-i

Cnncvr
RUti

4.64 E-Di

1^36-09

O-WE'OO
O.(MJF*OO
O.POEtQD
O.OOt-i-tirj
o.aoE4-orj
0.00E+00

o.ootf+orj
D.QOE+OQ

o.one+K)
D.0P£-i[)O
O.OOEHDO

<l.fl4F.ffii

: a\ •;



TABLE C-21 Plow Shop Pond
HDcrQjtlmi.il Child
Sur l.ici} Wntar

Exposure

Route

Qermpl

Ljet of Chemicals of Potential

Concern

Aluminum
Anllniony
Arsenic
Barium
Cadmium (In F,LJ! Id ntmJlftJ-
Cfldinkmi (in wutcji*)
Chromium, toigl

Iron
Loud
Manganese (in seifimantW-wstef)
MSnyanaBe(irt food)
Mencvry
Selenium
ThalEium
Vanadium
Zlnij
Chl&NJform
HertflcNnrflCyfilOhftKaflt,. |jpti8 •
Mijiiivkini) chk>H(fu
Buru(u)Eililhruulintr
Beru0{fl)pyrene
BanKO^ Djlluoi^nlhflcio
&(^M£o^)j|Liivanthene
Chryseno
Ditie'iK(ah)aii(hfejoene
indetioji ,2.3-raljipyrGfte
Naphthalene
Bi6(2-ethylhSxl'1) pJitHalatfl

PCS Wb4
PCHa, toial
DDD, p,p'-
DDE, p.p1-

EPC

va(u«

0
0.151

0

0
6.fl7

'' 0-148
0

D

0

u
0,0013 |

S 74E-[)I>
0.0MW

u
0
d
0
0
0

0
0
0
0
0

Units

mg/L
mg/L
mfl'L
fflo/L
mn'l

mfj/L
muJl
itigi'J.
mg/L
mg/L
mg/L
mg/L

mn./l
my/I.
i i i : 1 .i 1

*Tig/t
nrt|j/l
< 1 "H j •' 1

inQ/L
mg/l
pikfj/L

mg/L
mg/L
rng/L
mg/L
m<j/L
mfl/L
mg/L

mij/L

mn/l-

Fectfli"

intake
Faclar

1,fiSE*IXl
1.C3E+M

1.68Ei-Q0
1.6BE+Q0
I.O&ti+nO

t.tSSE'i-aO
t,OBE+DO
1.68E+00
1.6BE+P0
1.68E+00
1 .CBE+PO

.6£Ei+00

.SBE+on

.8^E*00

.BflE+OO
8SE»0t>

.GOE*OD

1.tiSE:*[)l>
1.BBE+OU
1.68E>00
1.6SE+0H
i.e&E+oi}
1.C3E+0P
l.SSE'HJil
1.6SE+fjD
M5aE+r>0
t.6BE+Kl
VBftli+OO
t.eBE+py
i.6BEf-ao

i.f.fiEH-00

DA event

O.OUE+00
e.04E-u7
0,(3 (K+&P
CJ.ODE+[HI

Q.QPE4 W

O.ODE'HM

?,[Ju£+lM]
•S.33E-r>b
1.53E-09

•fiSZE-DV
0,OOE-K)0

O.ME+flO
O.OOE+OO

0.DUEKID
O-OQE+flO

0,MG+ti0
fl.1E>E-0(l

u.oit.ott
T.JME-O?

O.OOE'OO
0.0OL-+orj
0.00lj*0f>
O.OOE+dP

O.OOE+0Q
o'.OOE+M

O.OOE+(W

6.0OE+aa
O.OOE'iOO
0.0PE+PO
0.00£H00
p.OPEH-pn

o.ncif+O"

Ottiflr IntAko

VaJue Unit?

Intaka

O-POE+OO

0,0OE*O0

O.00E+OU
O.OOE'OP
D.ODC i-00
n.oDE+pn
I>.OOE+OU

1,01 E-OS

t!.5IJE-DS
a.94F.-[J7
D.ODE+00
O.OuE+OO
o.oaE+po
d.ME+rjy
0,0OE+BO
O.P(]E + PO
iAtiti'Jli
1.HE--W
J.iac-O7
O.OOE »fl&
rj.ooE+i)u
rj.ooEtoD
b.OOE+OO

•O.OOE+OO
'D.ODE+np

O.OO£+UP

D.ODE+OP

C.0OE+K)

O.OPE+00
O.OPE+PO

C0OE-+PO

CSFj'UniiPilnh

Valtio Units

C&F/Unil Risk

MC.

NC
1.6OE+orj

NC

WC
NC
MC
NC
NA
NC
NC

NC

N'C-"
NC;:-
NCf-
NA

fl.in>E+on
7.^0^-03
7.30R.O1

7.3OE-HM)
7.3QE'O1
7,3DE-D^
7.3OE-03

7^OE+OO
7.30£-0t

NC
M0E-02

2,0rjE+orj

2.405-01
3!40E-D1

NC
MC
(mg/kg-day]-1
NC
NC
MC
NO
NC
NI-
NA
NC
NC
N C
NC
NC
NC
MC
MA

fflir/kfl-dayM
!fii[f/i«(|(ifiy)-t
("iLr/ko-dtiy>1
(nig/kg-dayM
(mg/kg dav^-i
(rng/kg-nay)-1
(rug/kg-day)-1
(mg/kg-tfayj-i
;mg/kg-day)-1
MC
[rriy/Kyy-dayJ-i
i mg/kg-^a/)-1
[h iSffliU^dny)-1
[mrjflt^vdli/)-1
(mjAfl-dny)-!

Cancer

Cancer
Risk

T.SJE-06

MUf-OB
1.ME-U!)

O.OOE. < 00
o.Qniz+op.
o.nnE+oo
l>.OrjE+DP
O.OOE-Hjrj
&.O0£+K)
D.OPE+OO

D,POE + rjO
U DOE-KJO
O.COE '-00
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TABLE C-1J Plow Shop, Pond
AdtiH

Exposure
Re Lit a

ingestion

Total

Qrflnil Tuial

List of Chamicals of Potential
Concern

Aluminum
Anlsrtujny
Arsenic
Barium
Cadmium fin solid madra.)
Cnilmliirri (In «i4W)
Chronin.JMi, Iqbgl
Uip|Kti
Iron
L&ad
Manganese (In sediment djrv&tef)
Marvganesft {Irvfootf)
Mercury
Saianium
Thallium
Vanadium
ZVnc
CFilfnifarrn
HoxoohluriQcyciohcirtBrm, alpha-
Mothylenn chloride
UfinK((t)!*riirir!ififlrin
Brni^.i)(ji)|jynspin
GuiU!Q(u)rluunfiri1han»
eervMi^jdugrenlhene
thrysmio
Qibefiz(ah)snihfa«ene
lndeno(i ,£,3-otl^yretia.
NspfafriaJene
BlsfZ-oiHrylhexyi) pfilhalate.^
PCB 13M
PQBS, tala1
ni3R,p,p'-
nn£, p.p'-

EPC

Vtlue

0
Q

O.O/Eo'

0

0

0
0

2.59

0
Q.44S

li
a
0
n
ii

LI

0
0
0
0
0
0
0
0
o

Units

nig/kg
mg/kfl
mg/*;a

Tflfjrtifl

jiig^ky

mp^k()
nig^kg
mg/k^
*ng^ku
mg^kff
ma.'kg
mg'kn
nig/kfl
mu^d
rno^kg
mo/Jt^

mij/hfj
ni[j/J(jy
mo/Jog

mgi/fcg
moj'iog

mg.'fLa
mg/kg

mg/kg
my/kg
rng/kg
PftJJky
niy^ky

Nop-CanenrHaiflrtl calculation*
Intake
Factor

2.43E-D3
?,43E-03
2.43E-H3
2.43E-133
2.43E-Q3

2.43t-03
Z.43E-03
2-13E-03
2.43E-0&
2.^3E-rj3
2.J3E-03
2.J1SE-O3
2.4iE-r>3
2.43E-03
!?.4bl:-ira
?.43E-D3
2.43E-fl3
2.43E-D3
2.43E-03
?.4^e-0*
2.43 E-"3
7..43E-03
2.43E-03
2.43F-03
2.43E-03
2.i3E-03
2,^3E-03
2.J3E-03
2.43E-Q3
2.^!3E-03
v?.rt3E-O3
^.43E;-&3

Oilier Inlaka

Vahua

o.[K)t+ao
O.OOE+00
1.93E-04

o.ooE*on

O.OOE'uU
O.QrtE H)[|

t>.u[ie+uu
O.OOE+OP

u.orjE+OD

O.Ot>£+rXi

G.28E-O1

O.DOE+DO

O.ME+DC

1 .oyc-03
O.OOE+OO

o.ooc-ott
u.OOE-*OU
rj.OOE^OCt

o.ooC'Ou
o.oue+on
u.oof=*oo
D.ODE+CM

o.oon:+oo
O.ODE+DO

QrWE+on
O.KJE+00

O.OOE+OO
D.OOE+OO

Q.OOE'OO

D.OOEtOO

Uni1a

mg^feg-day
mjfrtug-day

mg/kn-day
jng/kB-rJay
niD^tf^By
UJFJ t̂j-dny
ni[|'hfMl'iY
rua^kydyy
mg^kijKli^
nlflHkfl-day
m<j'kU'day
mg/iia-day
mgfl^-day
ms^g-day
moj/Vg-day
mgi'kg-tiay
mp^kn-ffay
ffl^u-riny
punyky-duy
mfj^kg-tfny
MflJkn-d.iy
irifl'krj'day
rrl^kg-day
mg/k^-dsy
mg'kio-tJoy
mgy*g-day
rngftg-day
mg^tg-day
nn^ka-day
mgJktj-rfpy
Jiig^k^day
TigJkfj'riiiy
rU||^k[juny

RfQIRtC

Value

i.ooe+orj

4,0OE-Cw
3-DOE-rx

1.00IMJ3
S.00l:-rM
3.ODE-U.3
3.7t}C.OZ
3',orjE-Oi

NA
2-.40E-02
1.40E-OT
3.ME-04
iaoE-03
e:6QE-D5
1.00E-03
3:DOE-D1

5.0uE-&4
CflOlM)?

NA
NA
NA.

MA.'
MA-.

2:0OE-O2
2.0OE-fJ£
2h0OE-D5

?.0uE-n3
?.0tH:-03

Unit*

mg/kg^day
riigJkgWjSjf;
mnJkg/tla^
mg/krjrday1.

rrlii/kni/dUjf.'
mrjj'ky.iyoy
mj)'kn/(Jfty
mfVk<5/diny
NA
mg/kigfrtay
JTislkig/crBy
mr> kg/day
rng.'kijj'day
mq^kig/<iay
mg^kg/day
mt]^kj/tlay
my^kgyday
mfl/k|j/drty
iii(j'K0/drty
NA
NA
NA
NA
NA
NA

mqlkgltiny
mgikuj/day
nrg^kg/day
rngi'kivdH/
ms^kg/duy
mg/^fflay

Hazard
OuOtEant

O.OOE+OO,

O.OOEi-00

O.OOt+rja

U.OUE+M
O.OOLT'DO

O.ODfU-uO
&.yoK+oo
0.r>OEi<lO

O.DOE+OO

O.OOE*0(f;
2.09E+01

O.OOE+00

o.ooE+tm
1.09E+00
Q.OrjE+po

o.oo F+no
D.OOE^DO

O-OOE+OO

o.o&E+aa
D.ODE+00
r>.0DE+DO

D.OOE-00
0.ME+OD

2 2/E'O1
2.2/E+(M

Targal o«jsn across all OxpoHura patnways: Coniral norvmra syatem :

Tangtl organ across all exposnnfl paDnwayi; Blood =
Tangs! angan across all exposure paihways; 3km =
Target organ acfnssall exposufia palfTivays: CafudiiivajcularAysliBui =
Target organ across all exposure palhwgysr Kidiuy =
Target organ flOtiM all exposuru pillhwiaya. GiUrolnlfllUnal Sysiam •
T^rflftt Of|.JDfi acrdEB all axpoELirc iwlhwoys: ImmUno l y i U n a
1>injr>L fjripnn ficross all (fXJJOfturo pflthwayF,: I nm

nil w p M u w pjitim>iyr.: ii

a.rjuE+arjl

• i : i M h -

;• i-i v



TAGLE C- 2 4 1 ' I O A 5h«r* Pond
] C I I I I L I

Exposure
Routs

touil
iirurid Tu'ul

List of ClnsmicalE of Potential
Concern

Alummum
Antimony
Arsflnic
Barium
Cadmium (In solid media)
Offi-nlLim (In writer)
GJi'urNHjh", (ui.fl!

Cufjpor
Irmn
L&ad
Mnriganose (IIT scdlrrwnt'()MlffltHr)
Manganese ^ foo j j
Wercury
SaJanium
Thallium
Var&dl(jm
Zinc
Chloroform
Ho*Ejr,htorcK;/cloJi3.wrra, ilprwl-
rVtflthyJfli'in nMryldfl

Bupl((j[Ll)r^wHJHrJ

BHnze(b)nuarmiihenfl

Benj'ii(k)flL«rantriBris

CHrysone
Dft)enztflti)8n!hfacene
[ndano( 1,2,3-Cd)flyiiHne

Napfithalens
Bis(2-eLhjrlhu?Lyi) pttUi&tale
PCB 12S4
PCS s, Ma i

Oi:ii;, p.p"-

EPC

V J I U O

0

a
1 ).O796

0
0

0
0
0
0
0
0

2.59
0
0

0.44Eh
0
rj
0

a
D
0

0
0
0
0
0

a
0
Q

0
li.dtH?

Unit*

mg/kg
mgrTtfl

ng/kg

rng^g

Tig/kft
mg/kg
•ivj/Hg

rt>n/krj

mg.'kg

my^kg
rn^kg
mgykg
mg/kg
mg^Jiij;

rng/ltfl.
nip/Kg

mf^hfl

C^piCdr Risk Cnloulqllofifl

luloko

Factor

S.6^E-u4
3.63E-04
3.B3E-O1
3.S3E-04
3.63E-04

3.S3E'0^
3.93E-rJit
3.&3L-04

3.63E-04
3.63E-O4
3.63E-04
3.B3E-04
3-63E-04
3.63^-04
3.fl3E-D»l
3.63E-0-1
3,03E-fM

J.cSE'iM
3.63E-fl1

3,fi3E-nil
3.63^-04
3.63 E-04
3.631--04
3.e3E-C^

3.63E-0<1
3.63E-01
3.riaE.0fl

Crttior

Value

O.O0E+0O
D,ODE+Dt!
2.eyE-os
D . O O E ^

O.OOIi+OO

0,OOE»OB
o.oOFi*ci>
O.OOE'OO

O.OOE+QO

0.001= "00

O.OOE+OD

SJ.41E-04

O.QOE+CU

O.OOE+OD

1.63E-O4

O.OOE-i'00
O,ODE+OO

O.OOH'KtlO

[i.out+oo
0 . O [ ^ 00

D.O0EH 00

O.ODE+UO

u OOF*00

O.OOE-DD

O,0OE<0O

0.0CEH]O

0rQOE>00

0.0OE+OO

O.OOE+00

o.ooE+on

O.OOE'i OD
Q.7FlF-0n

ka

Units Value 1 Units

NC
NC

1.5OE+0O
NC
NC
NC
NC
NC
NC
MA
NC
NC
NC
HC
NC
NC
NC
NA

a.3ti£+oo
7.5UE-O3
7.10E-U1
/ UflErfO
V.30E41
7.30E-D2
7.30E-u^1

7.aoE+oo
7.30E-01

NC
1.40E-02

2.0DE+OU
i.OttE+OO
2.4QE-01
Jf lOHOl

NC
NC

NC
NC
NC
NC:
NC
NC
NA
NC
NC
MC
NC
NC
NC
NC
NA
(jviM/fcy.dHyJ-t

(niVj.i(()-(tii/)-1

(nny I'kg-dtiy V1
(rn/jfkj 'dayH

(rria;hsj-day)-1
(mtj/kg-ua^l-1
(mg/kg-daiyj-i
NC
(mg'ky-dsy)-1
{m^V kn "d&y )*-1
{mQi/Jt^-dBy)-1

(nrioAflfl'O'ny )• \
!fnu/fc(]-uuy*-l

Cnncor
Rl tk

Jt.34E-0D

O.OOEfOO
0 ooi:*on
LJ.O[H!:+0u

O OOEHCK)

tt.OOIT 1 M

nouE+mi
O.OOE<0(J
D.OaE+OO
u.OQE+OQ

O.OQEJ(10
0.00E+00
G.flOE+OU
£.3lE-0u

J.S7EJ»,
•1.S7F-0S
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TABLE C-25

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Adult

Current

Recreational

Medium

Sediment

Exposure

Medium

Sediment

Exposure

Point

Near-shore Grove Pond Sediment

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB 1254

PCBs, total

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

2.60E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

5.47E-08

5.83E-07

6.80E-08

6.71 E-09

8.80E-10

2.10E-07

5.13E-08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

6.11 E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.20E-07

4.00 E-06

3.98E-07

3.93E-08

5.15E-09

1.23E-06

3.00E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

6.11 E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.75E-07

4.00E-06

4.66E-07

4.60E-08

6.03E-09

1.44 E-06

3.51 E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

5.19E-03

7.61 E-03

1.35E-01

0.00E+00

1.24E-02

0.00E+00

1.23E-02

5.50E-03

1.63E-02

0.00E+00

7.68E-03

0.00E+00

8.05E-02

4.99E-04

1.02E-01

1.09E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.91 E-05

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

1.82E-01

0.00E+00

2.24E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.87E-04

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

5.19E-03

7.61 E-03

3.17E-01

0.00E+00

3.48E-02

0.00E+00

1.23E-02

5.50E-03

1.63E-02

0.00E+00

7.68E-03

0.00E+00

8.05E-02

4.99E-04

1.02E-01

1.09E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.36E-04

0.00E+00

0.00E+00

0.00E+00

1 of 4



TABLE C-25

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Adult

Current

Recreational

Medium Exposure

Medium

Exposure

Point

Chemical

of Potential

Concern

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Surface Water Grove Pond Surface Water Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

ron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

ndeno(1,2,3-cd)pyrene

Naphthalene

Carcinogenic Risk

Ingestion

1.00E-08

0.00E+00

Inhalation Dermal

1.35E-08

0.00E+00

Exposure

Routes Total

2.36E-08

0.00E+00

|| 6.8E-05

0.00E+00

0.00E+00

5.05E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.26E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

7.30E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

4.87E-05

0.00E+00

0E+00

0E+00

3E-02

4E-03

0E+00

0E+00

3E-03

0E+00

2E-02

0E+00

1E-03

0E+00

0E+00

0E+00

0E+00

0E+00

2E-03

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

Inhalation Dermal

6.58E-05

0.00E+00

0.00E+00

0.00E+00

25.12 E-02

4.90E-02

0.00E+00

0.00E+00

3.72E-01

0.00E+00

2.26E-02

0.00E+00

3.06E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.86 E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

2.36E-084

0.00E+00

6.0E-01

0.00E+00

0.00E+00

5.12E-02

5.26E-02

0.00E+00

0.00E+00

3.75E-01

0.00E+00

4.62E-02

0.00E+00

3.20E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.86E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
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TABLE C-25

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Adult

Current

Recreational

Medium

Fish Tissue

Exposure

Medium

Exposure

Point

Chemical

of Potential

Concern

Bis(2-ethylhexyl) phthalate

PCB 1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Fish Tissue Fish Tissue- Grove Pond Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

ron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Carcinogenic Risk

Ingestion

2.15E-08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

1.36E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

1.38E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

|| 8.7E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

2E-022.4

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

3E-02

0E+00

3E-02

0E+00

0E+00

0E+00

0E+00

0E+00

6E-01

0E+00

0E+00

3E-02

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

Inhalation Dermal

2.42E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

2.42E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

5.85E-01

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.68E-02

0.00E+00

3.38E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

6.03E-01

0.00E+00

0.00E+00

2.60E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
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TABLE C-25

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Adult

Current

Recreational

Medium Exposure

Medium

Exposure Medium Total

Exposure

Point

Chemical

of Potential

Concern

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB 1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.69E-05

7.61 E-07

2.25E-06

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.69E-05

7.61 E-07

2.25E-06

|| 3.0E-05

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

2E+00

4E-03

8E-03

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.57E+00

3.70E-03

7.72E-03

2.3E+00

Total Risk Across all Media 1.1E-04

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Total Hazards Across all Media

across all exposure pathways: Central nervous system =

across all exposure pathways: Blood =

across all exposure pathways: Skin =

across all exposure pathways: Cardiovascular system =

across all exposure pathways: Kidney =

across all exposure pathways: Gatrointestinal System =

across all exposure pathways: Immune system =

across all exposure pathways: Liver =

across all exposure pathways: Whole body/growth =

3.5E+00

4.5E-02

1.15E-02

3.68E-01

5.26E-02

6.16E-02

4.89E-01

2.25E+00

1.38E-01

3.73E-02
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TABLE C-26

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Child

Current

Recreational

Medium

Sediment

Exposure

Medium

Sediment

Exposure

Point

Near-shore Grove Pond Sediment

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB 1254

PCBs, total

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

4.85E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.02E-07

1.09E-06

1.27E-07

1.25E-08

1.64E-09

3.93E-07

9.58E-08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

1.20E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.17E-06

1.36E-07

1.34E-08

1.76E-09

8.14 E-07

1.03E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

6.05E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.02 E-07

2.26E-06

2.63E-07

2.60E-08

3.41 E-09

8.14E-07

1.03 E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

4.85E-02

7.10E-02

1.26E+00

0.00E+00

1.16E-01

0.00E+00

1.15E-01

5.13E-02

1.52E-01

0.00E+00

7.17E-02

0.00E+00

7.51 E-01

4.66E-03

9.55E-01

1.02E-01

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.58E-04

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

3.11 E-01

0.00E+00

3.83E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.92E-04

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

4.85E-02

7.10E-02

11.57E+00

0.00E+00

1.54E-01

0.00E+00

1.15E-01

5.13E-02

1.52E-01

0.00E+00

7.17E-02

0.00E+00

7.51 E-01

4.66E-03

9.55E-01

1.02E-01

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

9.50E-04

0.00E+00

0.00E+00

0.00E+00
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TABLE C-26

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Child

Current

Recreational

Medium Exposure

Medium

Exposure

Point

Chemical

of Potential

Concern

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Surface Water Grove Pond Surface Water Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

ron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

ndeno(1,2,3-cd)pyrene

Naphthalene

Carcinogenic Risk

Ingestion

1.87E-08

0.00E+00

Inhalation Dermal

4.63E-09

0.00E+00

Exposure

Routes Total

2.33E-08

0.00E+00

|| 6.4E-05

0.00E+00

0.00E+00

2.35E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

7.73E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.43E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

4.55E-04

0.00E+00

0E+00

0E+00

6E-01

8E-02

0E+00

0E+00

6E-02

0E+00

6E-01

0E+00

3E-02

0E+00

0E+00

0E+00

0E+00

0E+00

6E-02

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

Inhalation Dermal

1.13E-04

0.00E+00

0.00E+00

0.00E+00

E-056E-012

3.91 E-02

0.00E+00

0.00E+00

2.97E-01

0.00E+00

1.81 E-02

0.00E+00

2.38E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.13E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

5.67E-04

0.00E+00

4.0E+00

0.00E+00

0.00E+00

6.30E-01

1.23E-01

0.00E+00

0.00E+00

3.56E-01

0.00E+00

5.69E-01

0.00E+00

538E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

5.83E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
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TABLE C-26

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Child

Current

Recreational

Medium

Fish Tissue

Exposure

Medium

Exposure

Point

Chemical

of Potential

Concern

Bis(2-ethylhexyl) phthalate

PCB 1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Fish Tissue Fish Tissue- Grove Pond Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

ron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Carcinogenic Risk

Ingestion

1.00E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

4.64E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

5.64E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

|| 2.5E-0

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

4E-03

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

5E-02

0E+00

6E-02

0E+00

0E+00

0E+00

0E+00

0E+00

1E+00

0E+00

0E+00

5E-02

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

Inhalation Dermal

1.93E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

2.35E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.85E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.68E-02

0.00E+00

5.90E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.05E+00

0.00E+00

0.00E+00

4.55E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00
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TABLE C-26

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 9 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe:

Receptor Population:

Receptor Age: Child

Current

Recreational

Medium Exposure

Medium

Exposure Medium Total

Exposure

Point

Chemical

of Potential

Concern

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB 1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

9.38E-06

2.66E-07

7.87E-07

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

9.38E-06

2.66E-07

7.87E-07

|| 1.0E-05

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

3E+00

6E-03

1E-02

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.74E+00

6.46E-03

1.35E-02

4.0E+00

Total Risk Across all Media 1.0E-04

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Target organ

Total Hazards Across all Media

Receptor HI Total

across all exposure pathways: Central nervous system =

across all exposure pathways: Blood =

across all exposure pathways: Skin =

across all exposure pathways: Cardiovascular system =

across all exposure pathways: Kidney =

across all exposure pathways: Gatrointestinal System =

across all exposure pathways: Immune system =

across all exposure pathways: Liver =

across all exposure pathways: Whole body/growth =

9.85E+00

1.79E-01

1.29E-01

2.20E+00

1.23E-01

2.01 E-01

1.30E+00

4.54E+00

9.99E-01

1.48E-01

4of4
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TAHLI! C-38

SUMMARY OF RECEPTOR W8KS ANO HMAKPS FOR M F C *

I..-.I. . ...1:1 i ., |{f, |

FORT SEVENS, PLOW SHOP AND QROVE PONOS, MASSACHUSETTS

-Child

MsdJlAi i*p«ui*

N<n1kjn<

L I * I H U I »

Pgul td HiilenliAl

LH:iLi, p.p"-

L1L1L. F.lt1-

Exposure We.iKim Total

StllfewW1°r Ptiv: S\vD PoWSLirinaa Walcr Alumminr

•arum

Olinhim (hi laKd.flWln)

Culfrilum (kn™t*fl

•Hirnr-jLllli, loUd

fini|iflr

Irwi

LoaJ

Maj-faan*En} (Jnjstfilmm.ct-msi)

Mnnganssu {frf feodj

H-.Tciiy

Sslmiil^

flyih*j(rt'

,;il'n

flilrinimni

H»;v,c|i|M,-,tW,™rm, «lttti»-

MumylDfiu chliirlib

D«ri(alaiittifiscj?iis

Boraofajpjranj

BoPSflft))fjSTsn*ei*-

Bnmn(k!flu3«ninnr™

CJiryanlii

OiitturiyhJjiiiUiiuaiiVff

h*|nni>i i ,?.3-ffll|pyi<iitji
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Cuftmaenc lU t

D.WJE. + ULI

'C'.iJ'IlE.+UlZ'

xihm*iKtn ni^ai
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O.Mi*M

|'h.i[|C|f-KJKJ-

^^JaDE^o^^
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0 DOFdtM
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I1(1UE*M

ff.OOEtOO

o.cactoo

Hj.llljCKK)

o.firififm

j . j iEdu

1 tne-iin

fi.tnib-njil

Q.ME*M

U.ME+M

O.IME+H

O.»)E>(H

O.ME*IX1

a.ftiE-Dd

(mCsT-IM

nou^i T4Ldi

DflOf*0:i

lfVO£~l>:i

B.OOE*M,
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ftflOE^M':

ft(Wi=*-IM..

0,CK)£*OO-

a.ME*aij;

a,ME t CO:;

fl.cwEtOi):-

O.rximfiO

o.Wbtgit

1-.«lE-0I

i^luE-W)
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D.DQEHCO

D.WE*M
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a.aoE*»
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FLAGS TABLE 9 RME

FOFfT DEVENS, PLOW SHOP AND GROVE POMPS, MASSACHUSETTS
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TABLE C-29

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe: Current

Receptor Population: Recreational

Receptor Age: Adult

Medium

Sediment

Exposure

Medium

Sediment

Exposure

Point

Near-shore Grove Pond Sediment

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

2.60E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

5.47E-08

5.83E-07

6.80E-08

6.71 E-09

8.80E-10

2.10E-07

5.13E-08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.00E-08

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

6.11 E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.20E-07

4.00 E-06

3.98E-07

3.93E-08

5.15E-09

1.23E-06

3.00E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.35E-08

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

6.11 E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.75E-07

4.00E-06

4.66E-07

4.60E-08

6.03E-09

1.44E-06

3.51 E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.36E-08

0.00E+00

6.8E-05

greater than 1E-6

Yes

_

_

_

_

_

_

Yes

_

Yes

_

_

Yes

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

5.19E-03

7.61 E-03

1.35E-01

0.00E+00

1.24E-02

0.00E+00

1.23E-02

5.50E-03

1.63E-02

0.00E+00

7.68E-03

0.00E+00

8.05E-02

4.99E-04

1.02E-01

1.09E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.91 E-05

0.00E+00

0.00E+00

0.00E+00

4.87E-05

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

1.82E-01

0.00E+00

2.24E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.87E-04

0.00E+00

0.00E+00

0.00E+00

6.58E-05

0.00E+00

Exposure

Routes Total

5.19E-03

7.61 E-03

3.17E-01

0.00E+00

3.48E-02

0.00E+00

1.23E-02

5.50E-03

1.63E-02

0.00E+00

7.68E-03

0.00E+00

8.05E-02

4.99E-04

1.02E-01

1.09E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.36E-04

0.00E+00

0.00E+00

0.00E+00

2.36E-08_4

0.00E+00

6.0E-01

greater than 1

_

_

_

_

_

_

_

_

_

_

_
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TABLE C-29

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe: Current

Receptor Population: Recreational

Receptor Age: Adult

Medium Exposure

Medium

Surface Water

Exposure

Point

Grove Pond Surface Water

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

5.05E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.15E-08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

2.26E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.36E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

7.30E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.38E-06

0.00E+00

0.00E+00

0.00E+00

0.00E+00

8.7E-06

greater than 1E-6

_

Yes

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

Yes

_

_

Yes

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

0E+00_

0E+00_

3E-02

4E-03

0E+00_

0E+00_

3E-03

0E+00_

2E-02

0E+00_

1.34E-03

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

2E-03

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

2E-022.4

0E+00_

0E+00_

0E+00_

0E+00_

Inhalation Dermal

0.00E+00

0.00E+00

25.12 E-02

4.90E-02

0.00E+00

0.00E+00

3.72E-01

0.00E+00

2.26E-02

0.00E+00

3.06E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.41E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.42E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

5.12E-02

5.26E-02

0.00E+00

0.00E+00

3.75E-01

0.00E+00

4.62E-02

0.00E+00

3.19E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

3.86E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.42E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

5.85E-01

greater than 1

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_
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TABLE C-29

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe: Current

Receptor Population: Recreational

Receptor Age: Adult

Medium

Fish Tissue

Exposure

Medium

Fish Tissue

Exposure Medium Total

Exposure

Point

Fish Tissue- Grove Pond

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.69E-05

7.61 E-07

2.25E-06

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.69E-05

7.61 E-07

2.25E-06

3.0E-05

greater than 1E-6

_

_

_

_

_

_

_

_

_

_

_

_

-

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

Yes

Yes

Yes

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

0E+00

0E+00

0E+00

0E+00

3E-02

0E+00

3E-02

0E+00

0E+00

0E+00

0E+00

0E+00

6E-01

0E+00

0E+00

3E-02

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

0E+00

2E+00

4E-03

8E-03

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.68E-02

0.00E+00

3.38E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

6.03E-01

0.00E+00

0.00E+00

2.60E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.57E+00

3.70E-03

7.72E-03

2.3E+00

greater than 1

_

_

_

_

_

_

_

_

_

_

_

_

-

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

Yes

Yes
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TABLE C-29

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe: Current

Receptor Population: Recreational

Receptor Age: Adult

Medium Exposure

Medium

Exposure

Point

Chemical

of Potential

Concern

Carcinogenic Risk

Ingestion Inhalation Dermal Exposure

Routes Total

greater than 1E-6

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion Inhalation Dermal Exposure

Routes Total

greater than 1

Target organ across all exposure pathways: Central nervous system =

Target organ across all exposure pathways: Blood =

Target organ across all exposure pathways: Skin =

Target organ across all exposure pathways: Cardiovascular system =

Target organ across all exposure pathways: Kidney =

Target organ across all exposure pathways: Gatrointestinal System =

Target organ across all exposure pathways: Immune system =

Target organ across all exposure pathways: Liver =

Target organ across all exposure pathways: Whole body/growth =
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TABLE C-30

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe

Receptor Population

Receptor Age: Child

Current

Recreational

Medium

Sediment

Exposure

Medium

Sediment

Exposure

Point

Near-shore Grove Pond Sediment

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

4.85E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.02E-07

1.09E-06

1.27E-07

1.25E-08

1.64E-09

3.93E-07

9.58E-08

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.87E-08

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

1.20E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.17E-06

1.36E-07

1.34E-08

1.76E-09

8.14 E-07

1.03E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.63E-09

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

6.05E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.02E-07

2.26E-06

2.63E-07

2.60E-08

3.41 E-09

8.14E-07

1.03E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.33E-08

0.00E+00

6.4E-05

greater than 1E-6

_

Yes

_

_

_

_

_

_

_

_

_

_

_

_

Yes

_

_

_

_

_

_

_

Yes

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

4.85E-02

7.10E-02

1.26E+00

0.00E+00

1.16E-01

0.00E+00

1.15E-01

5.13E-02

1.52E-01

0.00E+00

7.17E-02

0.00E+00

7.51 E-01

4.66E-03

9.55E-01

1.02E-01

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.58E-04

0.00E+00

0.00E+00

0.00E+00

4.55E-04

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

3.11 E-01

0.00E+00

3.83E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.92E-04

0.00E+00

0.00E+00

0.00E+00

1.13E-04

0.00E+00

Exposure

Routes Total

4.85E-02

7.10E-02

1.57E+00

0.00E+00

1.54E-01

0.00E+00

1.15E-01

5.13E-02

1.52E-01

0.00E+00

7.17E-02

0.00E+00

7.51 E-01

4.66E-03

9.55E-01

1.02E-01

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

9.50E-04

0.00E+00

0.00E+00

0.00E+00

5.67E-04

0.00E+00

|| 4.0E+00

greater than 1

_

Yes

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

Yes
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TABLE C-30

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe

Receptor Population

Receptor Age: Child

Current

Recreational

Medium Exposure

Medium

Surface Water

Exposure

Point

Grove Pond Surface Water

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Exposure Medium Total

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

2.35E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.00E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Inhalation Dermal

0.00E+00

0.00E+00

7.73E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.64E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

2.43E-05

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

5.64E-07

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.5E-05

greater than 1E-6

_

Yes

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

Yes

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

0E+00_

0E+00_

6E-01

8E-02

0E+00_

0E+00_

6E-02

0E+00_

6E-01

0E+00_

3E-02

0E+00

0E+00_

0E+00_

0E+00_

0E+00_

6E-02

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

4E-03

0E+00_

0E+00_

0E+00_

0E+00_

Inhalation Dermal

0.00E+00

0.00E+00

Yes6E-012

3.91 E-02

0.00E+00

0.00E+00

2.97E-01

0.00E+00

1.81 E-02

0.00E+00

2.38E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.13E-03

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.93E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

Exposure

Routes Total

0.00E+00

0.00E+00

6.30E-01

1.23E-01

0.00E+00

0.00E+00

3.56E-01

0.00E+00

5.69E-01

0.00E+00

5.38E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

5.83E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.35E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

| 1.85E+00

greater than 1

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_

_
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TABLE C-30

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe

Receptor Population

Receptor Age: Child

Current

Recreational

Medium

Fish Tissue

Exposure

Medium

Fish Tissue

Exposure Medium Total

Exposure

Point

Fish Tissue- Grove Pond

Chemical

of Potential

Concern

Aluminum

Antimony

Arsenic

Barium

Cadmium (in solid media)

Cadmium (in water)

Chromium, total

Copper

Iron

Lead

Manganese (in sediment or water)

Manganese (in food)

Mercury

Selenium

Thallium

Vanadium

Zinc

Chloroform

Hexachlorocyclohexane, alpha-

Methylene chloride

Benz(a)anthracene

Benzo(a)pyrene

Benzo(b)fluoranthene

Benzo(k)fluoranthene

Chrysene

Dibenz(ah)anthracene

Indeno(1,2,3-cd)pyrene

Naphthalene

Bis(2-ethylhexyl) phthalate

PCB1254

PCBs, total

DDD, p,p'-

DDE, p,p'-

Carcinogenic Risk

Ingestion

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

9.38E-06

2.66E-07

7.87E-07

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

9.38E-06

2.66E-07

7.87E-07

1.0E-05

greater than 1E-6

_

_

_

_

_

_

_

_

_

-

_

_

_

_

_

_

_

_

_

_

Yes

_

Yes

Non-Carcinogenic Hazard Quotient

Primary

Target Organ(s)

Ingestion

0E+00_

0E+00_

0E+00_

0E+00_

5E-02

0E+00_

6E-02

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

1E+00

0E+00_

0E+00_

5E-02

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

0E+00_

3E+00

6E-03

1E-02

Inhalation Dermal Exposure

Routes Total

0.00E+00

0.00E+00

0.00E+00

0.00E+00

4.68E-02

0.00E+00

5.90E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

1.05E+00

0.00E+00

0.00E+00

4.55E-02

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

0.00E+00

2.74E+00

6.46E-03

1.35E-02

| 4.0E+00

greater than 1

_

_

_

_

_

_

_

_

Yes

-

_

_

_

_

_

_

_

_

_

_

Yes

_

Yes

3 of 4



TABLE C-30

SUMMARY OF RECEPTOR RISKS AND HAZARDS FOR COPCs

RAGS TABLE 10 RME

FORT DEVENS, PLOW SHOP AND GROVE PONDS, MASSACHUSETTS

Scenario Timeframe

Receptor Population

Receptor Age: Child

Current

Recreational

Medium Exposure

Medium

Exposure

Point

Chemical

of Potential

Concern

Carcinogenic Risk

Ingestion Inhalation Dermal Exposure

Routes Total

greater than 1E-6

Non-Carcinogenic Hazard Quotient

Primary

Target Organ (s)

Ingestion Inhalation Dermal Exposure

Routes Total

greater than 1

Target organ across all exposure pathways: Central nervous system =

Target organ across all exposure pathways: Blood =

Target organ across all exposure pathways: Skin =

Target organ across all exposure pathways: Cardiovascular system =

Target organ across all exposure pathways: Kidney =

Target organ across all exposure pathways: Gatrointestinal System =

Target organ across all exposure pathways: Immune system =

Target organ across all exposure pathways: Liver =

Target organ across all exposure pathways: Whole body/growth =

4 of 4
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APPENDIX D



TABLE D-l
RAGS D ADULT LEAD WORKSHEET

Site Name: Ft. Devens, Grove Pond
Receptor: Adult Non-Resident Recreational, Exposure to Sediment

1. Lead Screening Questions

Mediu
m

Soil

Lead Concentration
used in Model Run
Value

227

Units

mg/kg

Basis for Lead
Concentration Used
For Model Run

Arithmetic mean

Lead Screening
Concentration

Value

400

Units

mg/kg

Basis for Lead Screening Level

Recommended Soil Screening Level for
Residential receptor

2. Lead Model Questions
Question

What lead model was used? Provide reference and version

If the EPA Adult Lead Model (ALM) was not used provide rationale for
model selected.

Where are the input values located in the risk assessment report?
What statistics were used to represent the exposure concentration terms and
where are the data on concentrations in the risk assessment that support use
of these statistics?

What was the point of exposure and location?

Where are the output values located in the risk assessment report?
What GSD value was used? If this is outside the recommended range of
1.8-2.1), provide rationale in Appendix <Y>.

What baseline blood lead concentration (PbB0) value was used? If this is
outside the default range of 1.7 to 2.2 provide rationale in Appendix <Y>

Was the default exposure frequency (EF; 219 days/year) used?

Was the default BKSF used (0.4 ug/dL per ug/day) used?

Was the default absorption fraction (AF; 0.12) used?

Was the default soil ingestion rate (IR; 50 mg/day) used?

If non-default values were used for any of the parameters listed above,
where are the rationale for the values located in the risk assessment report?

Response

Adult Lead Model dated 5/19/03

NA

Input values are located in RAGS D Table 3 for
EPC and RAGS D Table 4s for exposure factors

Arithmetic Mean. Data are Located in this
Appendix

Grove Pond- Near-Shore Sediment

Located in this Appendix

GSD = 2.3 which is the currently recommended
GSD for heterogeneous populations

PbBO = 1.7, This is the current model default

No, EF = 65 days/year but note that AT =152 days.
Guidance on intermittent exposure to lead states that
exposure should not be annualized. Therefore
exposure for the 5 month exposure period of May to
September (equal to 152 days) was used as the AT.

Yes

Yes

No. The default value for the residential adult was
used equal to 100 mg/day. See RAGS D Table 4s

See RAGS D Table 4s

3. Final Result
Medium

Soil

Result
Input value of 227 ppm in sediment results in 2.5% of receptors above a
blood lead level of 10 ug/d and geometric mean blood lead = 2.2 ug/dL.
This does not exceed the blood lead goal as described in the 1994
OSWER Directive of no more than 5% of children (fetuses of exposed
women) exceeding 10 ug/dL blood lead.

Comment/RBRG *

No RBRG was required because risks
were not found to be higher than the
action level.

1. Attach the ALM spreadsheet output file upon which the Risk Based Remediation Goal (RBRG)_was based and description of rationale
for parameters used. For additional information, see www.epa. gov/superfund/pro grams/lead

December 2001



TABLE D-l BACKUP
GROVE POND
SEDIMENT

Calculations of Blood Lead (

U.S. EPA Technical Review Workgr

Version date 05/19/03

Exposure
Variable

PbS

Rfetal/matemal

BKSF

GSD;

PbB0

IRs

IRS+D

ws
K-SD

AFS-D

EFS-D

ATS-D

PbBadal,

P b B f e M ( u 5

PbB,

P(PbB f eM > PbB,)

PbB

Equation1

1*

X

X
X

X

X

X

X

X

X

2**

X

X
X

X

X

X

X

X

X

X

X

Concentrations (PbBs)
oup for Lead, Adult Lead Committee

Description of Exposure Variable

Soil lead concentration

Fetal/maternal PbB ratio
Biokinetic Slope Factor

Geometric standard deviation PbB

Baseline PbB

Soil ingestion rate (including soil-derived indoor dust)

Total ingestion rate of outdoor soil and indoor dust

Weighting factor; fraction of IP^+D ingested as outdoor soil

Vlass fraction of soil in dust

Absorption fraction (same for soil and dust)

Exposure frequency (same for soil and dust)

Averaging time (same for soil and dust)

PbB of adult worker, geometric mean

95th percentile PbB among fetuses of adult workers

Target PbB level of concern (e.g., 10 ug/dL)

Probability that fetal PbB > PbBt, assuming lognormal distribution

Units

ug/g or ppm

-

ug/dL per
ug/day

-

ug/dL

g/day

g/day

-

days/yr

days/yr

ug/dL

ug/dL

ug/dL

%

Values for Non-Residential Exposure Scenario

Using Equation 1

GSDl-Hom GSDi - Het

227
0.9
0.4

2.3
1.7

0.100
-
-
-

0.12
65
152

2.2

7.7

10.0
2.5%

Using Equation 2

GSDl-Hom GSDi - Het

Equation 1 does not

When IRS = IRS+D and

'Ortion exposure between soil and dust ingestion (excludes V$, KSD).

W s = 1.0, the equations yield the same P h E ^ 0 95-

^Equation

Pb

1, based on Eq

P b B adul , =

1 2 in USEPA (1996).

(PbS*BKSF*IR s+D

PbB,dul,

*AFS,D

*(GSD

EFS/ATSD)H

1 6 4 5 * R )

PbB0

**Equation 2, a

PbB

PbBrtO1

Hern

adult =

,055 =

te appro
PbS

*ch based on Eq
•BKSF*([(IRS+D)

1,2,
*AFS

and A-19 in USEPA (1996).
•EFs*Ws]+[Km*(IRs+D)*(l-Ws

PbB,dul, • (GSD,1645 • R)

*AFD *EFD])/365+PbB0

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed9/14/2005 4:50 PM



TABLE D-2
RAGS D ADULT LEAD WORKSHEET
Site Name: Ft. Devens, Plow Shop Pond

Receptor: Adult Non-Resident Recreational, Exposure to Sediment

1. Lead Screening Questions

Mediu
m

Soil

Lead Concentration
used in Model Run
Value

124

Units

mg/kg

Basis for Lead
Concentration Used
For Model Run

Arithmetic mean

Lead Screening
Concentration

Value

400

Units

mg/kg

Basis for Lead Screening Level

Recommended Soil Screening Level for
Residential receptor

2. Lead Model Questions
Question

What lead model was used? Provide reference and version

If the EPA Adult Lead Model (ALM) was not used provide rationale for
model selected.

Where are the input values located in the risk assessment report?
What statistics were used to represent the exposure concentration terms and
where are the data on concentrations in the risk assessment that support use
of these statistics?

What was the point of exposure and location?

Where are the output values located in the risk assessment report?
What GSD value was used? If this is outside the recommended range of
1.8-2.1), provide rationale in Appendix <Y>.

What baseline blood lead concentration (PbB0) value was used? If this is
outside the default range of 1.7 to 2.2 provide rationale in Appendix <Y>

Was the default exposure frequency (EF; 219 days/year) used?

Was the default BKSF used (0.4 ug/dL per ug/day) used?

Was the default absorption fraction (AF; 0.12) used?

Was the default soil ingestion rate (IR; 50 mg/day) used?

If non-default values were used for any of the parameters listed above,
where are the rationale for the values located in the risk assessment report?

Response

Adult Lead Model dated 5/19/03

NA

Input values are located in RAGS D Table 3 for
EPC and RAGS D Table 4s for exposure factors

Arithmetic Mean. Data are Located in This
Appendix

Grove Pond- Near-Shore Sediment

Located in this Appendix

GSD = 2.3 which is the currently recommended
GSD for heterogeneous populations

PbBO = 1.7, This is the current model default

No, EF = 65 days/year but note that AT =152 days.
Guidance on intermittent exposure to lead states that
exposure should not be annualized. Therefore
exposure for the 5 month exposure period of May to
September (equal to 152 days) was used as the AT.

Yes

Yes

No. The default value for the residential adult was
used equal to 100 mg/day. See RAGS D Table 4s

See RAGS D Table 4s

3. Final Result
Medium

Sediment

Result
Input value of 124 ppm in sediment results in 1.8% of receptors above a
blood lead level of 10 ug/d and geometric mean blood lead = 2.0 ug/dL.
This does not exceed the blood lead goal as described in the 1994
OSWER Directive of no more than 5% of children (fetuses of exposed
women) exceeding 10 ug/dL blood lead.

Comment/RBRG *

No RBRG was required because risks
were not found to be higher than the
action level.

1. Attach the ALM spreadsheet output file upon which the Risk Based Remediation Goal (RBRG)_was based and description of rationale
for parameters used. For additional information, see www.epa. gov/superfund/pro grams/lead

December 2001



TABLE D-2 BACKUP

PLOW SHOP POND

SEDIMENT

Calculations of Blood Lead (

U.S. EPA Technical Review Workgr

Version date 05/19/03

Exposure
Variable

PbS

Rfetal/matemal

BKSF

GSD;

PbB0

IRs

IRS+D

ws
K-SD

AFS-D

EFS-D

ATS-D

PbBadal,

P b B f e M ( u 5

PbB,

P(PbB f eM > PbB,)

PbB

Equation1

1*

X

X
X

X

X

X

X

X

X

2**

X

X
X

X

X

X

X

X

X

X

X

Concentrations (PbBs)
oup for Lead, Adult Lead Committee

Description of Exposure Variable

Soil lead concentration

Fetal/maternal PbB ratio
Biokinetic Slope Factor

Geometric standard deviation PbB

Baseline PbB

Soil ingestion rate (including soil-derived indoor dust)

Total ingestion rate of outdoor soil and indoor dust

Weighting factor; fraction of IP^+D ingested as outdoor soil

Vlass fraction of soil in dust

Absorption fraction (same for soil and dust)

Exposure frequency (same for soil and dust)

Averaging time (same for soil and dust)

PbB of adult worker, geometric mean

95th percentile PbB among fetuses of adult workers

Target PbB level of concern (e.g., 10 ug/dL)

Probability that fetal PbB > PbBt, assuming lognormal distribution

Units

ug/g or ppm

-

ug/dL per
ug/day

-

ug/dL

g/day

g/day

-

days/yr

days/yr

ug/dL

ug/dL

ug/dL

%

Values for Non-Residential Exposure Scenario

Using Equation 1

GSDl-Hom GSDi - Het

124
0.9
0.4

2.3
1.7

0.100
-
-
-

0.12
65
152

2.0

6.9

10.0
1.8%

Using Equation 2

GSDl-Hom GSDi - Het

Equation 1 does not

When IRS = IRS+D and

'Ortion exposure between soil and dust ingestion (excludes V$, KSD).

W s = 1.0, the equations yield the same P h E ^ 0 95-

^Equation

Pb

1, based on Eq

P b B adul , =

1 2 in USEPA (1996).

(PbS*BKSF*IR s+D

PbB,dul,

*AFS,D

*(GSD

EFS/ATSD)H

1 6 4 5 * R )

PbB0

**Equation 2, a

PbB

PbBrtO1

Hern

adult =

,055 =

te appro
PbS

*ch based on Eq
•BKSF*([(IRS+D)

1,2,
*AFS

and A-19 in USEPA (1996).
•EFs*Ws]+[Km*(IRs+D)*(l-Ws

PbB,dul, • (GSD,1645 • R)

*AFD *EFD])/365+PbB0

Source: U.S. EPA (1996). Recommendations of the Technical Review Workgroup for Lead
for an Interim Approach to Assessing Risks Associated with Adult Exposures to Lead in Soil Printed9/14/2005 4:51 PM



TABLE D-3
RAGS D IEUBK LEAD WORKSHEET

Site Name: Ft. Devens, Grove Pond
Receptor: Recreational Child Exposure to Sediment, Surface Water and Fish

1. Lead Screening Questions

Medium

Sediment

Water

Lead
Concentration
Used in Model
Run

Value

227

used
drinking
water
default

Units

mg/kg

ug/L

Basis for Lead
Concentration Used
For Model Run

Average Detected Value

Average Detected Value

Lead Screening
Concentration

Value

400

15

Units

mg/kg

ug/L

Basis for Lead Screening Level

Recommended Soil Screening
Level

Recommended Drinking Water
Action Level

2. Lead Model Questions
Question

What lead model (version and date) was used?

Where are the input values located in the risk assessment
report?

What range of media concentrations were used for the
model?

What statistics were used to represent the exposure
concentration terms and where are the data on
concentrations in the risk assessment that support use of
these statistics?

Was soil sample taken from top 2 cm? If not, why?

Was soil sample sieved? What size screen was used? If
not sieved, provide rationale.

What was the point of exposure/location?
Where are the output values located in the risk
assessment report?

Was the model run using default values only?

Was the default soil bioavailability used?

Was the default soil ingestion rate used?

If non-default values were used, where are the rationale
for the values located in the risk assessment report?

Response for Residential Lead Model

Model Version: 1.0 Build 261

EPCs are in RAGS D Table 3 s, Exposure Factors are in
RAGS D Table 4s

Sediment- used arithmetic mean
Surface water- EPC was less than default for drinking water
so used default value
Fish Tissue- used arithmetic mean of fillet data from Grove
Pond fish

Arithmetic mean. EPC data are in RAGS D Table 3 s

Not Applicable

Not Applicable

Grove Pond

Located in Appendix

No. Site specific EPCs were used for sediment.
Fish tissue was included by assuming that 41 out of 273 meat
meals or 15% of meat meals consisted of Grove Pond fish.
This was derived from assuming that recreational child
consume one meal of Grove Pond caught fish per week for 9
temperate months of the year (39 weeks).

Yes. Default is 30%

Yes. Default values for 7 age groups are 85, 135, 135, 100,
090, and 85 mg/day

Located in this table and RAGS Table 4s

1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead



1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead



3. Final Result

Medium

Grove Pond
Sediment, Surface
water, and fish

Result

Input values from sediment, surface water and fish resulted in
2.822% of child recreational receptors above a blood lead level of
10 ug/dL. Geometric mean blood lead = 4.080 ug/dL. This does
not exceed the blood lead goal as described in the 1994 OSWER
Directive of no more than 5% of children exceeding 10 ug/dL
blood lead.

Comment/PRG 1

No PRG has been developed for
this site.

1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead

December 2001



TABLE D-3 BACKUP
Grove Pond

LEAD MODEL FOR WINDOWS Version 1.0

Model Version: 1.0 Build 261
User Name:
Date: September 2005
Site Name: Grove Pond/Plow Shop Pond
Operable Unit: Grove Pond
Run Mode: Research- Recreational child

The time step used in this model run: 1 - Every 4 Hours (6 times a day).

* * * * * * j^r * * * * * *

Indoor Air Pb Concentration: 30.000 percent of outdoor.
Other Air Parameters:

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Time
Outdoors
(hours)

1.000
2.000
3.000
4.000
4.000
4.000
4.000

Ventilation
Rate

(mA3/day)

2.000
3.000
5.000
5.000
5.000
7.000
7.000

****** Y)[QI ******

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Diet Intake(ug/day)

6.729
8.446
9.542
9.487
9.442
9.954
10.933

Lung
Absorption

(%)

32.000
32.000
32.000
32.000
32.000
32.000
32.000

Outdoor Air
Pb Cone

(ug Pb/mA3)

0.100
0.100
0.100
0.100
0.100
0.100
0.100

Alternative Dietary Values



Home grown fruits concentration: 0.000 ug/g
Home grown vegetables concentration: 0.000 ug/g
Fish from fishing concentration: 0.200 ug/g
Game animals from hunting concentration: 0.000 ug/g
Home grown fruits factor: 0.000 % of all fruits
Home grown vegetables factor: 0.000 % of all vegetables
Fish from fishing factor: 15.000 %of all meat
Game animals from hunting factor: 0.000 % of all meat

****** Drinking Water

Water Consumption:
Age Water (L/day)

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

0
0
0
0
0
0
0

.200

.500

.520

.530

.550

.580

.590

Drinking Water Concentration: 4.000 ug Pb/L

****** Soil & Dust ******

Multiple Source Analysis Used
Average multiple source concentration: 168.900 ug/g

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
Outdoor airborne lead to indoor household dust lead concentration: 100.000
Use alternate indoor dust Pb sources? No

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

J|C 5|C 5|C 5|C 5|C 5|C *

Soil (ug Pb/g)

227.000
227.000
227.000
227.000
227.000
227.000
227.000

Alternate Intake

House Dust (ug P

168.900
168.900
168.900
168.900
168.900
168.900
168.900

******



Age Alternate (ug Pb/day)

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

0.000
0.000
0.000
0.000
0.000
0.000
0.000

****** M a t e r n a i Contribution: Infant Model ******

Maternal Blood Concentration: 2.500 ug Pb/dL

*****************************************

CALCULATED BLOOD LEAD AND LEAD UPTAKES:

Year

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Year

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Air
(ug/day)

0.021
0.034
0.062
0.067
0.067
0.093
0.093

Soil+Dust
(ug/day)

4.539
7.115
7.193
7.286
5.508
4.996
4.734

Diet
(ug/day)

3.071
3.804
4.345
4.376
4.444
4.722
5.203

Total
(ug/day)

7.996
11.855
12.547
12.706
11.055
10.912
11.153

Alternate
(ug/day)

0.000
0.000
0.000
0.000
0.000
0.000
0.000

Blood
(ug/dL)

4.3
4.9
4.6
4.4
3.8
3.4
3.2

Water
(ug/day)

0.365
0.901
0.947
0.978
1.036
1.100
1.123



Prob. Density (Blood Pb)
25 T

20

15

10

5

Cutoff = 10.000 ug/dl
Geo Mean = 4.080
GSD= 1.600
% Above = 2.822
% Below = 97.178

10 12 14

Blood Pb Cone (ug/dL)

16 18 20 22 24

Age Range = 0 to 84 months
Time Step = Every 4 Hours
Run Mode = Research
Comment = Grove Pond- Rec Child



TABLE D-4
RAGS D IEUBK LEAD WORKSHEET

Site Name: Ft. Devens, Grove Pond
Receptor: Subsistence Child Exposure to Sediment, Surface Water and Fish

1. Lead Screening Questions

Medium

Sediment

Water

Lead
Concentration
Used in Model
Run

Value

227

used
drinking
water
default

Units

mg/kg

ug/L

Basis for Lead
Concentration Used
For Model Run

Average Detected Value

Average Detected Value

Lead Screening
Concentration

Value

400

15

Units

mg/kg

ug/L

Basis for Lead Screening Level

Recommended Soil Screening
Level

Recommended Drinking Water
Action Level

2. Lead Model Questions
Question

What lead model (version and date) was used?

Where are the input values located in the risk assessment
report?

What range of media concentrations were used for the
model?

What statistics were used to represent the exposure
concentration terms and where are the data on
concentrations in the risk assessment that support use of
these statistics?

Was soil sample taken from top 2 cm? If not, why?

Was soil sample sieved? What size screen was used? If
not sieved, provide rationale.

What was the point of exposure/location?
Where are the output values located in the risk
assessment report?

Was the model run using default values only?

Was the default soil bioavailability used?

Was the default soil ingestion rate used?

If non-default values were used, where are the rationale
for the values located in the risk assessment report?

Response for Residential Lead Model

Model Version: 1.0 Build 261

EPCs are in RAGS D Table 3 s, Exposure Factors are in
RAGS D Table 4s

Sediment- used arithmetic mean
Surface water- EPC was less than default for drinking water
so used default value
Fish Tissue- used arithmetic mean of fillet data from Grove
Pond fish

Arithmetic mean. EPC data are in RAGS D Table 3 s

Not Applicable

Not Applicable

Grove Pond

Located in Appendix _

No. Site specific EPCs were used for sediment.
Fish tissue was included by assuming that 273 out of 273
meat meals or 100% of meat meals consisted of Grove Pond
fish. This was derived from assuming that the subsistence
child angler consumes seven meals of Grove Pond caught
fish per week for 9 temperate months of the year (39 weeks).

Yes. Default is 30%

Yes. Default values for 7 age groups are 85, 135, 135, 100,
090, and 85 mg/day

Located in this table and RAGS Table 4s

1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead



1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead



3. Final Result

Medium

Grove Pond
Sediment, Surface
water, and fish

Result

Input values from sediment, surface water and fish resulted in
14.973% of child subsistence angler receptors above a blood lead
level of 10 ug/dL. Geometric mean blood lead = 6.141 ug/dL. This
exceeds the blood lead goal as described in the 1994 OSWER
Directive of no more than 5% of children exceeding 10 ug/dL
blood lead.

Comment/PRG 1

No PRG has been developed for
this site. This analysis was
performed for EPA for
informational purposes only.

1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead

December 2001



TABLE D-4 BACKUP
Grove Pond

LEAD MODEL FOR WINDOWS Version 1.0

Model Version: 1.0 Build 261
User Name:
Date: September 2005
Site Name: Grove Pond/Plow Shop Pond
Operable Unit: Grove Pond
Run Mode: Research- Subsistence angler child

Air

Indoor Air Pb Concentration: 30.000 percent of outdoor.
Other Air Parameters:

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Time
Outdoors
(hours)

1.000
2.000
3.000
4.000
4.000
4.000
4.000

Ventilation
Rate

(mA3/day)

2.000
3.000
5.000
5.000
5.000
7.000
7.000

Lung
Absorption

(%)

32.000
32.000
32.000
32.000
32.000
32.000
32.000

Outdoor Air
Pb Cone

(ug Pb/mA3)

0.100
0.100
0.100
0.100
0.100
0.100
0.100

Age Diet Intake(ug/day)

.5-1 11.560
1-2 22.781
2-3 25.122
3-4 26.014
4-5 26.915
5-6 28.129
6-7 30.509
Alternative Dietary Values
Home grown fruits concentration: 0.000 ug/g
Home grown vegetables concentration: 0.000 ug/g



Fish from fishing concentration: 0.200 ug/g
Game animals from hunting concentration: 0.000 ug/g
Home grown fruits factor: 0.000 % of all fruits
Home grown vegetables factor: 0.000 % of all vegetables
Fish from fishing factor: 100.000 %of all meat
Game animals from hunting factor: 0.000 % of all meat

****** Drinking Water ******

Water Consumption:
Age Water (L/day)

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

0
0
0
0
0
0
0

.200

.500

.520

.530

.550

.580

.590

Drinking Water Concentration: 4.000 ug Pb/L

****** Soil & Dust ******

Multiple Source Analysis Used
Average multiple source concentration: 168.900 ug/g

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
Outdoor airborne lead to indoor household dust lead concentration: 100.000
Use alternate indoor dust Pb sources? No

Age Soil (ug Pb/g) House Dust (ug Pb/g)

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

227.000
227.000
227.000
227.000
227.000
227.000
227.000

168.900
168.900
168.900
168.900
168.900
168.900
168.900

****** Alternate Intake ******

Age Alternate (ug Pb/day)



.5-1
1-2
2-3
3-4
4-5
5-6
6-7

0.
0.
0.
0.
0.
0.
0.

000
000
000
000
000
000
000

****** ]V£aternal Contribution: Infant Model ******

Maternal Blood Concentration: 2.500 ug Pb/dL

CALCULATED BLOOD LEAD AND LEAD UPTAKES:
*****************************************

Year

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Year

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Air
(ug/day)

0.021
0.034
0.062
0.067
0.067
0.093
0.093

Soil+Dust
(ug/day)

4.436
6.764
6.858
6.971
5.283
4.804
4.553

Diet
(ug/day)

5.155
9.754
10.905
11.478
12.151
12.831
13.966

Total
(ug/day)

9.968
17.409
18.729
19.451
18.493
18.787
19.693

Alternate
(ug/day)

0.000
0.000
0.000
0.000
0.000
0.000
0.000

Blood
(ug/dL)

5.4
7.0
6.9
6.7
6.2
5.8
5.5

Water
(ug/day)

0.357
0.856
0.903
0.935
0.993
1.058
1.080



Prob. Density (Blood Pb)
25 T

20

15

10

5

Cutoff = 10.000 ug/dl
Geo Mean = 6.141
GSD= 1.600
% Above =14.973
% Below = 85.027

12 16 20 24 28

Blood Pb Cone (ug/dL)

32 36 40 44 48

Age Range = 0 to 84 months
Time Step = Every 4 Hours
Run Mode = Research
Comment = Grove Pond-Subsist ChildAngler



TABLE D-5
RAGS D IEUBK LEAD WORKSHEET
Site Name: Ft. Devens, Plow Shop Pond

ReceptonRecreational Child Exposure to Sediment and Surface Water

1. Lead Screening Questions

Medium

Sediment

Surface
Water

Lead
Concentration
Used in Model
Run

Value

used
model
default
used
model
default

Units

mg/kg

ug/L

Basis for Lead
Concentration Used
For Model Run

Average Detected Value

Average Detected Value

Lead Screening
Concentration

Value

400

15

Units

mg/kg

ug/L

Basis for Lead Screening Level

Recommended Soil Screening
Level

Recommended Drinking Water
Action Level

2. Lead Model Questions
Question

What lead model (version and date) was used?

Where are the input values located in the risk assessment
report?

What range of media concentrations were used for the
model?

What statistics were used to represent the exposure
concentration terms and where are the data on
concentrations in the risk assessment that support use of
these statistics?

Was soil sample taken from top 2 cm? If not, why?

Was soil sample sieved? What size screen was used? If
not sieved, provide rationale.

What was the point of exposure/location?
Where are the output values located in the risk
assessment report?

Was the model run using default values only?

Was the default soil bioavailability used?

Was the default soil ingestion rate used?

If non-default values were used, where are the rationale
for the values located in the risk assessment report?

Response for Residential Lead Model

Model Version: 1.0 Build 261

EPCs are in RAGS D Table 3 s, Exposure Factors are in
RAGS D Table 4s

Sediment- EPC was less than the default for soil expousre
Surface water- EPC was less than default for drinking water
so used default value
Fish- lead in fish tissue was not a COPC for Plow Shop Pond
fish

Not Applicable

Not Applicable

Not Applicable

Plow Shop Pond

Located in Appendix _

Yes

Yes Default is 30%

Yes Default values for? age groups are 85, 135, 135, 100,
090, and 85 mg/day

Located in this table and RAGS Table 4s

1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead



3. Final Result

Medium

Plow Shop Pond
Sediment, Surface
water,

Result

Input values from sediment, and surface water resulted in 1.101%
of recreational children above a blood lead level of 10 ug/dL.
Geometric mean blood lead = 3.409 ug/dL. This does not exceed
the blood lead goal as described in the 1994 OSWER Directive of
no more than 5% of children exceeding 10 ug/dL blood lead.

Comment/PRG *

No PRGs have been developed
for this site.

1. Attach the IEUBK text output file and graph upon which the PRG was based as an appendix. For additional
information, see www.epa.gov/superfund/programs/lead

December 2001



TABLE D-5 BACKUP
Plow Shop Pond

LEAD MODEL FOR WINDOWS Version 1.0

Model Version: 1.0 Build 261
User Name:
Date: September 2005
Site Name: Grove Pond/Plow Shop Pond
Operable Unit: Plow Shop Pond
Run Mode: Research- Recreational Child

The time step used in this model run: 1 - Every 4 Hours (6 times a day).

* * * * * * j^r * * * * * *

Indoor Air Pb Concentration: 30.000 percent of outdoor.
Other Air Parameters:

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Time
Outdoors
(hours)

1.000
2.000
3.000
4.000
4.000
4.000
4.000

Ventilation
Rate

(mA3/day)

2.000
3.000
5.000
5.000
5.000
7.000
7.000

****** Y)[QI ******

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Diet Intake(ug/day)

5.530
5.780
6.490
6.240
6.010
6.340
7.000

Lung
Absorption

(%)

32.000
32.000
32.000
32.000
32.000
32.000
32.000

Outdoor Air
Pb Cone

(ug Pb/mA3)

0.100
0.100
0.100
0.100
0.100
0.100
0.100



****** Drinking Water

Water Consumption:
Age Water (L/day)

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

0
0
0
0
0
0
0

.200

.500

.520

.530

.550

.580

.590

Drinking Water Concentration: 4.000 ug Pb/L

****** Soil & Dust ******

Multiple Source Analysis Used
Average multiple source concentration: 150.000 ug/g

Mass fraction of outdoor soil to indoor dust conversion factor: 0.700
Outdoor airborne lead to indoor household dust lead concentration: 100.000
Use alternate indoor dust Pb sources? No

Age

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Soil(ugPb/g)

200.000
200.000
200.000
200.000
200.000
200.000
200.000

House Dust (ug P

150.000
150.000
150.000
150.000
150.000
150.000
150.000

****** Alternate Intake ******

Age Alternate (ug Pb/day)

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

0.
0.
0.
0.
0.
0.
0.

000
000
000
000
000
000
000



****** ]V£aternal Contribution: Infant Model ******

Maternal Blood Concentration: 2.500 ug Pb/dL

CALCULATED BLOOD LEAD AND LEAD UPTAKES:
*****************************************

Year

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Year

.5-1
1-2
2-3
3-4
4-5
5-6
6-7

Air
(ug/day)

0.021
0.034
0.062
0.067
0.067
0.093
0.093

Soil+Dust
(ug/day)

4.061
6.399
6.462
6.536
4.930
4.467
4.231

Diet
(ug/day)

2.553
2.647
3.002
2.919
2.863
3.040
3.366

Total
(ug/day)

7.004
9.997
10.488
10.514
8.908
8.712
8.826

Alternate
(ug/day)

0.000
0.000
0.000
0.000
0.000
0.000
0.000

Blood
(ug/dL)

3.8
4.2
3.9
3.7

3.1
2.7
2.5

Water
(ug/day)

0.369
0.916
0.962
0.992
1.048
1.112
1.135



Prob. Density (Blood Pb)
50 T

40

30

20

10

Cutoff = 10.000 ug/dl
Geo Mean = 3.409
GSD= 1.600
% Above =1.101
% Below = 98.899

10 12 14

Blood Pb Cone (ug/dL)

16 18 20 22 24

Age Range = 0 to 84 months
Time Step = Every 4 Hours
Run Mode = Research
Comment = Plow Shop Pond- Rec Child
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